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Chrome Composite 
15-minute exposure 


Photos below: material samples exposed to supersonic jet torch 
at a heat flux of 400 btu/ft*/sec. (approximately 3000°F.) 
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BENDIX 
CHROME 
COMPOSITE 


unusual strength and good oxidation 
resistance in 2000° F. to 3000° F. range 


Effective space age “armor’”’ to protect missile 
components during atmospheric re-entry is in the 
making at Bendix. Nose caps, probes and 

leading edges of Chrome Composite resist the 
destructive combination of heat and oxidation 
encountered in space exploration. 


This unique material combines strength and 
hardness with weight-saving advantages. In 
addition, it can be forged, hot worked and machined 
by conventional methods and equipment. 


For information on this remarkable new material 
and on the Bendix design, development and 
testing facilities geared to the space age, write to 
Composite Materials Sales Department .. . 


Bendix sivrsiox South Bend, IND. 


Moiybdenum Chromium 


4-minute exposure 45-second exposure 3.5-minute exposure 
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space systems planning and 
engineering in a unique role 


The scientists and engineers of Aerospace Corporation are in the fore- 
front of advanced planning and general systems engineering. Their unique 
role: critical civilian link uniting government and the scientific-industrial 
team developing space systems and advanced ballistic missiles. In pro- 
viding broad scientific and technical leadership to every element of this 
team, they are engaged in activities spanning the spectrum from formu- 
lating new weapons systems concepts to technical supervision of the 
over-all industry team performing research, development, and test of 
missile/space systems. Specific activities include investigation of tech- 
niques for improving the state-of-the-art in propulsion, structures, guid- 
ance, communications and other engineering skills related to missile/space 
missions; feasibility studies of new weapons systems concepts and pre- 
liminary design of promising systems; formulation of development 
programs; conduct of critical experiments; technical supervision of the 
development and test program. Men with these backgrounds are invited 
to write to Mr. George Herndon, Aerospace Corporation, Room 173, 
P. O. Box 95081, Los Angeles 45, California. 


AEROSPACE CORPORATION 


Aircraft & Missiles ¢« June 1961 


Organized in the public interest and dedicated to providing objective leadership 
in the advancement and application of space science and 
technology for the United States Government. 


satin hy at eee SS or) aS ss & aan Loe -” _. * 
co See! cae : > Lae SS ie ear ib v ae a ee BAT SA 
p< ae US Se: SNe “> ie a ee Goce a 7 hal bs ee 
et Tee eee " ‘igs ee _ i eeliin ie 7 
ae Pe Meee fia oe ie eee — 
eee ce: | eee oie sean oar ES foe: eS ee ee 
emt Heese ee. eee a ee ea 
ee a: i Sean Seon aes £ tee =) ae eur oe 
: : es se i Mh: eer eee, ota . PS ais pest oy oe 
4 s = , ai io a a ee ae ae rr 
: oN 
ies Sue 
ae con 
: te 
Pk T\S ot ae 
aes ca . | PaeeE tet.) dae pitenelauaee AEE : 
ns satan aie 9 eee th ok ee : 
Bed p al ea RRR AE: es Rie ee ees ie ‘: 3 
BF alae’ ae ee — = i ) 
Zt : ae es , a : 
ms ee ne — i ee : 
i =—" ti mi ee —— tie ee 
3 Pen! Ee eee . Bee phd pee ee — 
a Eis Die Sa : Se er, ‘ Eig ee Dee Gee a: 
‘ ¥ aes ; y 7 A i . / ss Seale * ahs Went ete * 
_— ze ike i io, = ne > oe at 
ai fr = Sep, om EERO Co priciples. STi 
Fal ac 28 P etegmat a a=) —— —————— aes hi! 
2 Ror I ee eS re le ego 
a - ir et v, tii ee ae 7 a4 ee hn Pe eae 
a Pee ey ee PRS: oa 
ea ee co) Ley See eee Se een _ “ICBOwaye - saat 
‘ eee > aes i at lee a Soa ean: SSS eee eee ‘ae? * ae 
a ‘ee a ee ne 7 Cc oo Cigcuits iy 
‘ . ao ae ae ae? F bbs : Se eee By an 
: ; . ee a IS egg Te hi a 
: CC Oe oe | ; 
; ee oe | ey Gee) = nn ares aay Sea Gat 2 - et 
—— «sae hy Aerie re See Rae, 3 are. a ; 2 
ye >. ee eee” og ee 9 ER gh. on Ws ch ee ae ae > 
Og SS ae ee eo, a ee ea eS CAE ‘ P ‘ 
2 82 Sy ae pes Seek... ee eS fee Se é oa y 
Z = Dik ee SEO Ra a esr eas ." een 
Zien Tai le. io oe me )| “AIGREAPRED 6257 “al ; 
F za eb wl. Se woe = a es. ome ae : _ Ri, 
i . ‘ | Se ae ys es eer > ar Pegs Sap Seite hee 7 Jag 
Feet a7 ty," | Dorie Ree ae hp eae 2 pear a * q i: . ‘ 
2 es awe ciate kre Ora ee AERO. eae . ee . = rac 
ey ae Fe tees eee oe a ue v. . P F - si 
ae feo. aa wraic  ¢: & P < ™S a 
ee | bat: jo OS Seria ee Ee a be weit ae . % Pat kn, 
oo bs a ¢ Le tates eee ae ate ak ae, . “ =. " ig 
aes 7 ; 3 ee aaa ee ok: Sa 5 ey, ea ey ae = ‘ Fi os "I ‘etc 
ae, + RG. tai 2 po 4 ae. os a. 5% ane 
: ; So gig ein 2! C8 EE ae vo Oa i 4 ety 
ey 3 Bos b are? Sea. ee ats ite: ee oe. ae es g <— = \ sae 
; ee Faas een att BM, ee. i elec ai i oe 5 —— a ; Ero 
mt + ay : MR om cs eet Rees eee P “se . Pent a re ae 
eS a a ee cg. es ~~ 4. we 
#34 i aes a oe oe it er hey. me ay BY 4 a waa. 
3 a ee ae eee! aia 3 oa a - (gaat Gi 
aD eigee fete "g , aces a eae «hie . fs ce Wet 2 aR Ocal ie < ee 2 ii 
hy a Paes cay =. RADIAT a. a hg: 
oye * : eo: Ea eee i PN a “ABORATOR ee al tay 
ae e@ b . Oke eee te ee. (6 ae q SERILS 2a a ar 
ee YQ te BY fae “ee Bo 2 ae ind a ae LS Si aan RS 
ai gael hae Reeika air ine met meme ‘| iS, anes» Bee SS fone 
2 : 24 OT Sli aces 1 i baeeameate: OS a he oe cae meer. Se 
% Si ge ee eg > 4, SIE hg aga 4 ain $ 
be H. { ena Ae oe  eaeaeee: ee i. ae ee ere: a : Be 
ei ’ 23 ou ieee a ie ; an Wein (eae % BE tee " Ba Mr ‘a pists 
4 ae f. Siiee f “ 1 eperemee = ASS A SS a oo See ‘Gupte 4 ce: 
a $ rs a) a é See ae apt ae. ee oe eae - we 
2 ho) ee es ak Prsg ht pinta F: ge = .< sags er a Is 
a 2 . oe oe SUR: . eS are <a a a pcr 
- ee Cop Rh tae See Ries Te 4. Weer Be. Bee) ne 
Since ‘ i 5 5 nd ee eame * | ia . ie aa 4 a aa ae aot 
: a Ind Edition aes Apter oe oe a he ei 
Bae ; LO Se ae Bee. fir Sees mene ee Be w Oe iat 
mates C } Se iS ie lee ate Fob oe aap a eS. ‘ea oa 
mas « 7 te ay al Le ee ae et ee, pies: Seas) aie a cr aa 1A: 
feos bok. n® Ss ee te ee ee. Ue gas) Ean | | Snes e a an ae 
tsk at : A AR Oren oleae fom, Sie eee a ae aoe ee 
Rae Pi. a a at ae ee ee Beier es ee Oo oe: a am a 
ee > Leal § a we es MIMI <> Nios ates © ae SF Wate ie TR gli, . ‘ ay yal 
See ee eT . Cege prc ioe $ fe s fon ee One ig te, Be ; on ie 
fa aan es. emma IN gg Beet ‘la See aa = i 1k 
ie = a a ta a Seer eee ear! oN Ces. = ein Hang 
~ ate tee othe “ko oe Bere Tee YY ons Eames ee ors, oe 
; ey ie Vivo amor: “nt an oan SS Deepa be: Ce ot 
te Pee ate Nn Oe Wie nes ae et ae Bs cfal 5 
“oe Ps Eee rier 7. oa cae ee Be dae tuk 
' “Beene ee en Be ese cr “Lb oars 3 Prete eee lg aae 
Y Wes Peon’ oaea ei Be fe seas ease at A ee LI Fj mS 
: ey Ae pagar. TW) a "ioe Ex am 
4 3} : gy 2s 4 a of ere ae ees tay os aX. pied E. 
E . he: ee ene Men arusacang t= eh 8 ME a 59 2 Pond re 
: aes een ee ge 2 ; ‘ ae Es ee 
ok his Y ee °C « |. a Pe ag ee a) ee Oe oN ria ic NN ok ge ee 
1 Ses Bare a t d 7 See Dene» yieeyLS eM r eta aL ae Sa sh oy 7 tee Sass Bs aes. Beer 
bay taka es ae Pare, a ee ae a be ema Be aoe tidy tae aaa iak © ae, fe Rees Se Se iat ate 
Fei : ro OEE SO ORBISON Oe =o a: ee Ar a eer ee 
ee r 
SPL - 
bs oh fi 
es : 
Let in 
oe a 
“at , 
ce. : 
“ ¥ 
alge z 
ae 
ie 2 i Sco ea 1) cu Se Sei en eM) eae Ad eee ee a0- bi = cei ie 
eS ae ae eee ee ae a ee F f paged risky ae ais : 7 PE NE ee ee ET ES eee "3 
la : Ga vies eee ae eg ee ep ia £ _ ie ee + 


June, 1961 Volume 4, Number 6 


: DfDALT 
“yas a AY 
APPLIED ENGINEERING FOR THE AEROSPACE INDUSTRIES | 


Features 


a0 Polaris Precision Polished in Huge Simulator 


Electronic training system duplicates sky, sea, sub conditions; 
Navy trains crews concurrent with weapon system development 


26 New Approach to Zero Gravity Tests 


Lockheed device simulates “effects'’ not conditions" of zero G; 
All human sensory cues nullified by flotation and rotation 


39 Muddled Management at Missile Bases 


Costs soar, schedules lag on hard-site construction; 
Contractors blame military vacillation; AF blames sloppy bidding 


63°7 Aerospace Ground Equipment Directory 


Functional classifications of equipment categories given; 
Major manufacturers listed alphabetically under each category 


AO New Face for Man-In-Space 


Optimism reigns after first manned-Mercury shot; 
Apollo could reap long-range benefits of new attitude 


A? AGE Gauges on the Launch Pad 


Bourdon-tube dial reading gauges play critical prelaunch role; 
Monitor high-pressure hydraulic-pneumatic, and propellant systems 


A'/7 Republic Gears for Space 


Seven integrated R&D labs will keep pace with technical progress; 
Simulation and ground-testing gain importance as space era begins 


50 Planning Long-Range Reliability 


Air Force Ballistic Missile Division program stresses functional tests: 
Combined environment studies extend fluid-system-component reliability 


evi Epoxies Enhance Tiros Reliability 


Solar cells bonded in place with structural adhesive; 
Module boards feature glass-cloth hi-temp resin laminate 


60 Warning to Users of High-Strength Fasteners 


Vital-hardware failures traced to loose standards by makers and users; 
Corrective measures suggested for industry and Government 
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NEXT MONTH 


MAN AND MACHINE AT MACH 3+ — The glamour bubble 
of high speed air transport has burst. And problems have been 
strewn all over the landscape. What are the problems? What are 
the solutions? Treated in the July edition are such subjects as: 
(1) The Mach 3 Transport, (2) Convair 990 Electronics, (3) Anti- 
Collision Systems for Aircraft, (4) Air Traffic Control Moderniza- 
tion, (5) Automatic Landing Systems. 
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SPECIAL JULY INSERT 
RUSSIA'S MISSILES — What does Russia really have? Listed in 


this supplement to our Third Annual Handbook Issue are 36 mis- 
siles that best intelligence indicates is the basic family of Russian 
missiles. It includes battle-field weapons and the big ICBM's that 
have doubled so well in the Soviet space program. It is the first 
complete rundown on Russian missile weaponry. Data was as- 
sembled for Aircraft & Missiles by George J. Geiger, aeronauti- 
cal historian, through sources in Germany and France. 
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per year. Single copies $1.00, special 
issues $2.00. Foreign $20.00 per year 
—single copies $2.00, special issues 


$3.00 per copy. 
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Kidde reaction control systems: 
Proven in space...available now! 


Kidde designed and is supplying complete hydrogen peroxide reac- 
tion control yeah -eribigp lobe mt F NASA Scout 
and Air Force Blue Scout. Systems and components available in 
_ Save development funds by choosing a Kidde system of known 
reliability, proven in space, and available now! 


Kidde Aero-Space Division 


Walter Kidde & Company, Inc., 680 Main St., Belleville 9, New Jersey 


Sailes- Engineering Offices: Atianta » Boston + Dayton + Huntington (NY) © St. Louis * San Diego « Seattle» Van Nuys (Cal) « Washington (0C) 


Walter Kidde-Pacific, Van Nuys, California » Walter Kidde & Company of Canada Ltd., Montreal, Toronto, Vancouver 
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Your 
Datebook 


June 6-8 


Instrument-Automation Conference 
Instrument Society of America 
Royal York Hotel 

Toronto, Canada 


June 13-15 


National Joint Meeting 

Aerospace Sciences and American 
Rocket Society 

Ambassador Hotel 

Los Angeles, Calif. 


June 13-15 


Annual Meeting 

Aviation Distributors and Mfrs. Assn. 
Dennis Hotel 

Atlantic City, N. J. 


June 14-16 

Mechanics Conference 

American Society of Mechanical En- 
gineers 

Illinois Inst. of Technology 

Chicago, Ill. 


June 19-21 


Symposium on Space Flight and 
Re-entry Trajectories 

International Academy of Astronaut- 
ics 


Paris, France 


June 26-28 


Fifth National Convention on 
Military Electronics 

Institute of Radio Engineers 
Shoreham Hotel 

Washington, D. C. 


June 26-30 


Conference on Concepts and Design 
in Aerospace Electricity 


Aerospace Transportation Committee 


Benjamin Franklin Hotel 
Philadelphia, Penna. 


June 28-30 

Automatic Control Conference 
Instrument Society of America 
University of Colorado 
Boulder, Colorado 


June 28-July 1 


| Annual Meeting of the 
| Institute of Navigation 
| Williamsburg Inn 

| Williamsburg, Va. 
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apply the 
T&W TECHNIQUE 


to reduce cost... 
improve quality 


T & W was able to save one manufacturer 54° on 
the total overall cost of his part. This and many 
more such examples are the end result of T & W 
applying a modern concept of ideas and experience 
which is helping manufacturers in a wide range of 
industries to reduce parts cost and improve quality. 


CR Ser en ee ee 


Let T & W try to do the same for you. Just call or 
write—or send us a print. 


in forgings «tw stampings 


Sizes: 1 ounce to 500 pounds. Sizes: 3 inches by 3 inches, to % 
Materials: Carbon and Alloy Steel, 60 inches long, 40 inches wide 
Non Ferrous and Stainless, Tita- and 16 inches in drawn depth. 
nium, Pure Molybdenum, and High Materials: Steel, Stainless and 
Temperature Alloys (Plain or Heat Aluminum. (Blanking, forming, 
Treated). welding, sub and final assem- 


IT’S BETTER SeX@aRxeaaie blies). 


TRANSUVUE « WILLIAMS 
COMMERCIAL FORGINGS AND DEEP DRAWN STAMPINGS 


Sales Offices: Philadelphia °¢ Chicago °¢ Dallas 
Old Saybrook (Conn.) ¢ Detroit © Los Angeles 
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Arma navigates new routes 


Navigating with cross-staff and primitive 
compass, Prince Henry's Portuguese pi- 
lots took more than 80 years to find a 
route around Africa and reach India. The 
Spaniards took another 20 years to cross 
the Atlanticandreachthe shoresof Florida. 


Today, missile-borne inertial guidance 
can navigate such distances in a matter 
of minutes and pin-point targets nearly 
half-way around the world. Other advan- 
tages of inertial navigation are immunity 


to outside interference, all-weather capa- 
bility, salvo firing, and a minimum of 
ground equipment. 


Arma, designer of America’s first iner- 
tial guidance of intercontinental range 
accuracy, has these systems in full pro- 
duction with on-schedule deliveries. Al- 
though specified for the Atlas missile, the 
Arma system is equally adaptable to other 


aerospace programs and space explora- 
tion projects. 

At Arma, research programs currently are 
exploring smaller, supersensitive devices 
for future generations of missile and space 
guidance systems. Arma, a division of 
American Bosch Arma Corporation, Gar- 
den City, New York. ... The future is our 


business. 6321 


AMERICAN BOSCH ARMA CORPORATION 
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cases EDITORIAL 


Rising Cost of 


Space ‘Junk’ 


Now that the man-in-space fanfare is waning, 
let’s face a cold hard fact. Cash! The planet 
Earth is becoming a huge junk yard. Automo- 
biles, refrigerators, washers, tin cans, and even 
fissionable materials in the sea keep adding to 
the volcano of waste. At least some of this junk 
has been put to economic good by stripping down 
or melting. But, the volcano of waste grows larger 
with each eruption. 


Now it appears, since space is so big, we can 
fill it with “junk.” Or, because we lack power, let 
some of the “worthless junk” fall into the sea. 


That so-called junk for space costs money— 
plenty. Is all of this really unusable? Much of 
what goes up could go up again—if, we had 
means of recovery. Each Saturn shot will cost 
millions. At the moment this does not seem to 
be of vital importance. Sort of a Space WPA to 
help the national economy. As systems grow 
more complex and boosters get bigger, it will 
cost us more and more. Certainly, the scientific 
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satellites play a long-term and useful role in space. 
But does the rest of the spacecraft? 

Shots planned through 1967, manned or un- 
manned, into the farther reaches of space show 
no concrete plan for booster or even mission 
module recovery. Sure, the men will come back 
in the takeoff and reentry capsule. This is definite- 
ly important. But, what happens to the other 
millions of dollars worth of hardware? Space 
“junk.” 

At times we hear of some rather interesting 
schemes for “junk” recovery. In most cases, how- 
ever, the recovery would cost more than the 
recovered item. Isn’t it about time we spend a 
few dollars on true recovery systems? We should 
plan entire systems for the future that are com- 
pletely recoverable. Even the first airplane came 
back to land with its fuel tank still attached. 

Concerning the reentry phase, let us not plan 
all of our future shots around the parachute. This 
is rather symbolic of the “court of last resort.” 
Orville and Wilbur didn’t use one in 1903. 
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ee Reader's 
ae Orbit 


In Defense of Quality Control 


te: Samuel E. McCrary’s com- 
ment in Reader’s Orbit, May 1961 on 
“The Fight For Purchased Part 
Quality.” Apparently, reader Mc- 
Crary has not had the unfortunate 
experience of learning that all too 
often purchased parts and compo- 
nents do not meet specification re- 
quirements under environmental ex- 


Handles any job in 
your shop using 3/4” to 1/8” 
connections — from the air line to 
the air tool — eliminates any need 
for various size couplings in 
hook-up — makes it easy to keep 
stock of parts in balance — 

holds inventories to a minimum. 


All Series 2-RL Sockets and Plugs 
are completely interchangeable 

— likewise all larger 

Series 3-RL Sockets and Plugs. 
Has fewer parts. Locking ring provides 


positive lock...tight fit... minimum wear. 
Equipped with automatic sleeve lock. 


REPRESENTATIVES IN PRINCIPAL CITIES 
.. SEE YELLOW PAGES 


tremes . Some part and component 
manufacturers are truly concerned 
about the quality and reliability of 
their products ... far too many are 
not... This has been demonstrated 
repeatedly at Convair/Pomona by 
their admitted failure to conduct spe- 
cified Group B and Group C tests, 
and by their demands for additional 
reimbursement when parts buyers re- 
quire the conduct of Group R and 
Group C tests and the submittal of 
the resulting test data. 
MIL-SPECS are not thought to be 
worthless However, it is gen- 
erally recognized that many MIL- 


Tougher. L ighter. maller 


¢_ +andles more air 
with minimum 
pressure drop 
———— 


Instant Automatic Flow or Shut-Off 


Quick-Connective Fluid Line 


Couplings for... COMPRESSED AIR 
HYDRAULIC FLUIDS * OIL + GREASE + WATER 
VACUUM * STEAM © OXYGEN « ACETYLENE 
REFRIGERANTS * GASOLINE * COOLANTS « LP-GAS 


‘man 


couruacs 4 


Write for the Hansen Catalog 
Here is an always ready reference 
when you want information on 
couplings in a hurry. Lists complete 
range of sizes and types of 

Hansen One-Way Shut-Off, 

m = Two-Way Shut-Off, 

*) and Straight-Through Couplings. 


wo 
sa 


3 
4 


QUICK-CONNECTIVE FLUID LINE COUPLINGS 


4031 WEST 150th STREET « ere prs 
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SPECS are out of date ... this is 
clearly pointed out by the ad hoc 
Group on “Parts Specification Man- 
agement for Reliability” in the well 
known “Darnell Report.” There are 
many, many instances wherein the 
actual operating environments which 
the item must survive is more severe 
than MIL-SPEC requirements. Also, 
many components such as gyros, ac- 
celerometers, etc., are not described 
by a MIL-SPEC. In these circum- 
stances, ‘‘Company’”’ specifications 
must be prepared. 

. until part and component sup- 
pliers, in all integrity, comply with 
specification requirements and so at- 
tain the confidence of missile con- 
tractors, there seems to be no alter- 
native but to continue with a QAET 
type program to detect items which 
do not conform to specification re- 
quirements and which, if used, will 
contribute to the unreliability of our 
missiles. By so doing, we missile- 
plant Q.C. people feel that we truly 
are “tending to our knitting.” 

To answer reader McCrary’s last 
question, personnel from Convair/ 
Pomona participated in the prepara- 
tion of the “Darnell Report” by their 


membership on the ad hoc Study 
Group. By this means, efforts have 
been made lately to bring MIL- 


SPECS into line with requirements 
of modern weaponry. 
GC. M. E lis 
Staff Engineer 
Convair-Pomona 


Who's Calling The Plays 


Mr. Ellis is correct in his surmise 
that I have “not had the unfortunate 
experience of learning that all too of- 
ten purchased parts and components 
do not meet specification requirements 
under environmental extremes.” : 
I prefer the proper remedy, i.e., pro- 
vide the supplier with properly drawn 
specifications of quality including 
what must be achieved under envi- 
ronmental extremes, and the require- 
ments for inspection, testing, and 
qualification at the source. By this 
procedure items defective beyond ac- 
ceptable limits are never shipped. In 
other words QAET should be done as 
an engineering duty before delivery 
rather than after, and according to 
rules established in advance with the 
supplier in the form of specifications. 

Mr. Ellis reiterates complaint that 
MIL-SPECS are out of date or non- 
existent for certain important compo- 
nents, and concludes that “Company” 
specs must be prepared. The answer 
to this complaint is quite simple: 
Draw up the new “company” spec, or 
“company” amendment of existing 
MIL-SPEC, according to the rules 
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and philosophy of Defense Standardi- 
zation Manual M-200: Use same 

forthwith for immediate procurement 

and file a copy with the appropriate | 
government agency having cognizance 
of the Federal Stock Classification of 
the item, By this latter act the MIL- 
SPEC custodian will be alerted to the 
very latest and most advanced re- 
quirements demanded by modern 
weaponry, and Mr. Ellis will be sur- 
prised at the speed with which MIL 
specs can be updated for all to use. 

As described by Mr. Ellis, QAET 
is a program of product testing, eval- 
uation, and qualification. This is not 
properly a Q.C. responsibility. It puts 
Q.C. in the role of establishing prod- 
uct specifications which is a function 
of engineering or design. The missile 
plant Q.C. people should “tend to 
their knitting” which is efficient, low- 
est cost enforcement of specifications 
given by engineering. 

Quality and reliability are defined 
by what engineers put into the speci- 
fications; quality and reliability are 
assured through strict enforcement 
by Q.C. 
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See! osey oe: S 


MODULAR EXPLODING 


-BRIDGEWIRE SYSTEMS 


Shown % actual size is a typical XBS modular 
“A. system, utilizing a firing module, cabling, explosive 
cartridge, and a separation link. Of compact, solid 
state design, the firing module discharges two 
*) joules (one mfd at 2 KV) through an exploding 
bridgewire in less than 10 microseconds. Synchro- 


ll nizing circuits permit simultaneous initiation of 

I’m sure Mr. Ellis and I are on the multiple modules as required. This advanced XBS 

same team and working toward the 20 modular system provides important advantages of: 
same goals; we disagree only as to 10 


what plays should be called and by 
whom. 


e Greater Safety 
e Greater System Reliability 
e Fewer Cabling Problems 

e Better Design Flexibility 


Samue! E. McCrary, P. E. 


Huntsville, Alabama 


Small, But Important ’ TYPICAL XB ORDNANCE APPLICATIONS 
. it’s a small error, but it’s im- : 12 1. Warhead Adaption Kit SAF 
portant to me. On page 47 of the \ : patina ina he 
March issue of Ai ft & Missiles i 0 . 
lig E a - ” wring ths: nate, 9 ; 4. Data package release and ejection device 
e contractor for. Mercury heat : 5 6 ©: Seeuhd chaee eheien tates 
shields is listed as “Berrylium Corp.” ; 6. eter | ib pb 
Even if beryllium had been spelled 4 13 7. Stage anal dudes 
correctly, the information supplied to | ll 8. interstage connector (electric, hydraulic, etc.) actuators 
your readers is erroneous. The Brush 9 9. First stage destruct system 
Beryllium Co. supplied the beryllium , © 10. Miscellaneous devices (thrustors, pin-pullers, cable 
shields for the Mercury space vehicle. : ; cutters, etc.) as required by system 
John G. Price, Manager : +> 11. Tank pressurization gas generators 
Public Relations ll 12. Guidance and control power gas generators 
Brush Beryllium Co. 4 13. Auxiliary power unit 
It’s important to us too, and to a lot A le 14. Thermal battery actuators 
of other people. We promise to write 20 15. Thrust termination devices 
fifty times, Brush Beryllium Beryl- S/ @ = ote sta igniters 
lium Beryllium... Co. j + Missile release devices 
: / @ 18. Umbilical cable releases 


19. Umbilical mast retractor 
20. Turbo pump starters 


Prime Information 


. we take this opportunity to / 5 Se f\ : 
congratulate you on the fine article » a McCORMICK SELPH ASSOCIATES, INC. and the industria! Prod: 
a “Navy Streamlines ASW Manage-  } au eo, ucts Division of ITT cos-bine their ordnance and power cape- 
nl (April 1961, The Challenge bilities to provide the best in EXPLODING BRIDGE Wire SYSTEMS 
and the Progress In ASW). Such Direct inquiries te Products Division, 


prime information is always most 


neveeale t0 come pon Me Cormick Selah Associates, Ine. k= 


Arnold Winter, Manager, DEPT. C HOLLISTER? AIRPORT HOLLISTER, CALIFORNIA 
Radiation Systems, Marketing 


Radio Corp. of America 
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In the packaging field, ‘‘protection” takes on a new meaning 
when it’s related to the nation’s mighty air-sea arm with 
its fast-growing missile defense systems. 


The “brains” of the inertial guidance systems that steer 
and control such missiles as the Polaris are the intricately 
adjusted gyroscopes, valued at over $15,000 each. The 
slightest malfunction caused by temperature variations or 
shock damage to these small but vital components can 
make the difference between an accurately-controlled de- 
fense weapon—or a dud. 


These critical performance requirements are the reason 
why rigid and flexible urethane foams were selected to 
cushion and insulate the gyro mechanisms of the Polaris. 
Standard Plastics, Inc., a leader in urethane foam container 
design, was commissioned to custom build the package that 
would protect the gyros against shock loading up to 50 G’s, 
while maintaining, without external heat source, a temper- 
ature of 140°F + 4° for 36 operational hours in a —10° 
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climate. The result is the Transit Heet® shipping container 
—another “‘first’’ in the fast-growing series of packaging 
“firsts’’ for urethane foams. 

For further detailed case history information on how leading 
packaging experts are taking advantage of urethane foam’s 
lightweight, shock absorbency and excellent insulating prop- 
erties, write MOBAY CHEMICAL COMPANY, Code 
AS-1, Pittsburgh 5, Pa. 


® Standard Plastics, Inc. 
Fogelsville, Pa. 


f-21 


Mobay is the leading supplier 
of quality chemicals in the 
manufacture of both polyether 
and polyester urethane foams. 


MOBAY 


First in Urethane Chemistry 
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MISSILES AND SPACE VEHICLES 


APOLLO--House Space Committee's 
vote to add $126.6-million to President 
Kennedy's space budget would put most of 
the sum into Apollo project. Apollo and 
Mercury story on page 41. 


CENTAUR=--First test vehicle has 
been shipped to Sycamore Canyon near San 
Diego for static testing of engines and 
systems. Two hydrogen-oxygen rocket en- 
gines will provide 30,000 1b thrust. 


DYNA-SOAR will not use conven- 
tional nose landing gear as on X-15. Re- 
entry temperatures are too high for 
wheels and lubricated bearings. Space 
glider will use a retractable dish like 
nose skid, designed and manufactured by 
Bendix Products Division. 


DYNA-SOAR--Wind tunnel program 
will be greater than any other ever 
undertaken. About 30 wind tunnels and 
shock tubes will be used to test vehicle 
from low speeds up to Mach 25. 


F-1 ROCKET CHAMBER thrust level 
reached 1.64 million pounds for 13 sec- 
onds during test at Edwards. 


HOUND DOG Missile flights are mon- 
itored by North American Aviation Space 
And Information Systems Division al- 
though thousands of miles away from 
bird. Flight data telemetered to test 
base is carried over leased telephone 
line for analysis by missile manufac- 
turer. 

JOSHUA--Project is aimed at the 
development of a light weight ICBM. Mar- 
quardt is developing light weight fuel 
injection system. 


KIVA--New rocket motor pushed a 
monorail sled to a speed of 1880 mph. 
Solid rocket was developed by Rocket 
Power for use in sounding rockets and 
missiles. 


LOFTI--By receiving VLF (Very Low 
Frequency) radio signals from a ground 
Station, the Navy satellite provided 
science with its first data on the de- 
gree of VLF penetration into and through 
the ionosphere. It was learned that VLF 
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radio waves do pass through the iono- 
sphere into the exosphere. This opens 
the way for use of these waves for com- 
munications from earth to satellite and 
even from satellite to submarine. 


MACE--New rapid-fire launch sys- 
tem makes it possible to fire four mis- 
siles in less time than it formerly took 
to fire one. Martin will convert all 
current MACE A installations into mul- 
tiple launching systems. New system 
reduces the crew needed for the entire 
operation. 


MERCURY-REDSTONE--Congress voted 
extra funds to step up man in space 
projects, even before successful Mer- 
cury shot on May 5. Mercury and Apollo 
story on page 41. 


NIKE-HERCULES--Production has 
started on an improved Nike Hercules 
system with new high powered acquisition 
radar and target ranging radar. Hercules 
now has range in excess of 75 miles and 
its altitude capability is greater than 
20 miles. 


QAO--An orbiting Astronomical Ob- 
servatory (Explorer XI) was recently 
launched with a four-stage Juno II 
rocket. Satellite measured gamma radi- 
tion. 


SNAP-2--The reactor, being devel- 
oped by Atomics International, will soon 
be mated to its power conversion unit 
for ground testing of the complete SNAP 
2 system. Next step is a system with 
flight configuration mounted in a nose 
cone for additional ground tests. 


SPACE TRACK--RCA is studying the 
feasibility of tracking satellites with 
a radar originally designed to gather 
trajectory data on missiles. The BMEWS 
tracking radar prototype at Moorestown, 
N. J., will be used for the study. 


TITAN I--Successful first launch 
from silo at Vandenberg AFB on May 3 
adds impetus to Titan II development, 
and consequently to the Dyna-soar pro- 
gram. 
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TITAN II--The Mark 6 re-entry ve- 
hicle will have an improved aerodynamic 
Shape. It will be larger than previous 
nose cones. ASide from being capable of 
carrying a heavier payload, the ad- 
vanced Titan missile will have a very 
quick reaction time, being launched a 
few seconds after an alert is received. 

TRAILBLAZER-1--NASA recently 
launched a seven=sStage rocket which 
propelled an artificial meteor back into 
earth's atmosphere at 25,000 mph. Shot 
was part of a continuing study of the 
physical phenomena which occur during 
re-entry of high-speed objects into the 
earth's atmosphere. 

X-15--Engineers traced the vibra- 
tions, reported by NASA pilot Joe Walker 
during the March 30th 2905 mph flight, 
to the stability augumentation system, 
which aids the pilot in controlling the 
aircraft by feeding signals into the 
hydraulic control system. The system was 
replaced by a similar system from the 
number one X=-15 for the later flight 
which reached 3076 mph. 


AIRCRAFT 


ALARM (Automatic Light Aircraft 
Readiness Monitor)--Project concept en- 
visions the use of electronic checkout 
techniques, similar to those used in 
missile launchings, to determine if air- 
planes are safe for flight. 

B-58 being studied for feasibility 
of adding more bombs without lowering 
speed. One plane will be converted by 
Convair to flight test additional arma- 
ment. 

B-58--Training is being carried 
out in a new Simulator at Carswell AFB. 
The B-58 trainer, built by Reflectone 
Electronics, simulates attacks by enemy 
aircraft and missiles and detection by 
enemy radar. System includes training 
in electronic countermeasures (ECM), 
highly classified area of military 
warfare. 

B95A--New 200 mph Beechcraft 
Travel Air is powered by two 180 hp Ly- 
coming fuel injection engines. Plane has 
payload capability of 1645 lb. 
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BOEING 727 turbofan engines rated 
at 14,000 lb takeoff thrust now under- 
going tests at the Andrew Willgoos Tur- 
bine Laboratory. AJT8D engine will be 
flown later this year in a B-45 flying 
test bed. 


F-100F SUPER SABRE--An F-1OOF has 
been modified to simulate the landing 
approach of boost glide vehicles. This 
research may eliminate the need for long 
runways for landing vehicles like Dyna- 
Soar and the X-15. 


HRB-1--Military version of the 
Boeing Vertol 107 helicopter features a 
power blade-folding system, which en- 
ables the rotor blades to be folded by 
the pilot in a fraction of the time pre- 
viously required for manual folding. An 
integrated system cuts loading time to 
about eight minutes. 


HSS-2--Helicopter weapons systems 
trainer for the all-weather HSS-2 Si- 
korsky has been delivered to the Navy by 
Melpar. The trainer will be used to 
train crews in communications, naviga- 
tion, ASW search procedures, tracking 
and delivery of weapons. The HSS-2 will 
become operational later this year. 


MISSILE MOVING MAMMA--Transport 
aircraft design envisions craft capable 
of carrying 120,000 lb cargo 300 mi at 
speeds up to 200 knots. Six engine 
transport could transport Saturn-size 
payload from manufacturing to launch 
site. 

P3V-1--Navy plans to buy nineteen 
Lockheed P3V-1 Orion patrol bombers in 
fiscal 1961. With gross weight of 120,- 
000 1b first production P3V-l reaches 
85% flutter speed at 360 knots. 


SIKORSKY S-64--All-purpose trans- 
port helicopter is the successor to the 
S-60 Skycrane. First prototype models 
will be produced later this year. Pow- 
ered by two Pratt and Whitney JFTD-12 
gas turbine engines, the S-64 will have 
a payload capability of 17,600 lb. 


SUPER-CARRIER--USS Kitty Hawk, re- 
cently commissioned at Philadelphia, 
will take on about 100 aircraft, A3D's, 
A4D's, F3H's, F4H's, and F8U's. Kitty 
Hawk is first true aircraft-missile car- 
rier. The 1047.5 ft vessel has no arma- 
ment but Terrier missiles and her air- 
craft. At flank speed, four propellers 
will produce 270,000 hp to drive the 
carrier at 37 kts. 


Aircraft & Missiles ¢ June 1961 


Y 
‘ : ~~ — , 

| >= Projects 

' Me AEROSPACE DATA CAPSULE | continued | Se 

_ ee 4 

ee ol ‘ 

| | | 


HILLER 12E, light helicopter, 
topped out upper 93 ft of 200 ft 
tower in four hours. Conventional 
methods would have taken five days. 
This was first time a light helicopter 
was used for heavy steel construc- 
tion. Hiller 12E hovered steadily 
far above ceiling of ground effect 
with section that weighed 1200 Ibs. 


SERGEANT, Army’s highly mobile 
surface-to-surface missile, poised for 
firing from its erector-launcher made 
by Ling-Temco. 

WwW 


MARS, photographic probe, will 
eject re-entry vehicle to return ex- 
posed film to earth after Mars orbit. 
Four vanes will provide rotational 
orientation using light pressure. 
Probe model was developed by MIT, 
Thiokol Chemical and AVCO. 
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GENIE air-to-air missile and F-106 Delta Dart offer 
strong deterrent team against air attack. More than 
$120-million worth of Douglas-built Genies and equip- 
ment have gone to Air Defense Command Since 1957, 


NIKE-ASP upper atmosphere rock- 
et sounding experiments are tracked 
by camera mounts built by Geo- 
physics Corp. of America. Mount 
holds four 70-mm cameras. 


DC-8F Jet Trader, combination cargo and passenger 
carrier, will be built by Douglas Aircraft Co. DC-8F 
will carry up to 52,000 Ib of cargo and 54 passengers. 


a 


a 


NIKE- ZEUS anti-missile defense 
system will use massive radar mount 
like model shown. Continental Can 
Co. built mounts which weigh more 
than ten tons. 
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Multicontoured oil cooler is 
section of fan exhaust duct 


Conventional oil cooling system 
includes: A. Duct B. Heat 
exchanger C. Door D. Actuator 


and drac = 


This finned surface oil cooler, used 
for cooling constant speed drive or tur- 
bocompressor lubrication oil circuits, 
is a structural member of the fan ex- 
haust duct. This eliminates the need 
for air scoops and special ducting. 
These installations are already in use 
on Boeing 707-720B turbofan aircraft 
and may be shaped to any configura- 
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tion at extremely close tolerances. 
Comparable in price to conventional 
heat exchangers, they are even more 
reliable and have a longer service life 
because of their basic simplicity. 
Unique manufacturing techniques 
developed at AiResearch enable this 
aluminum unit of welded and all- 
brazed construction to withstand se- 


vere structural and pressure loads. 
Similar units have been developed for 
non-by-pass gas turbines and ram air 
ducts. This major breakthrough in 
heat exchanger design and fabrication 
is the result of more than 20 years of 
experience by the company in the de- 
sign, development and production of 
heat transfer equipment. 


¢ Please direct inquiries to the Los Angeles Division 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Electronic management systems 
will aid flight crews manning the 
air liners of the future. A five-year 
feasibility study by Douglas Air- 
craft indicates that routine tasks 
can be mechanized or automated, 
freeing the fight crew for more im- 
portant decision-making. 


Simultaneous ignition of Saturn 
S-IV type scale rocket cluster has 
been successfully tried at Mar- 
quardt where Douglas designed 
one-tenth scale model was built. 


Water launching of heavy vehi- 
cles is ready for full-scale launch- 
ing tests, after the successful 
launchings of Hydra II, a 40 ft 
boiler plate mockup. Tests have 
proved that an object of nearly any 
weight could be sea-launched a dis- 
tance limited only by the power of 
the propellant. 


FLEX WING CONCEPT, using 
wings of cloth or other flexible ma- 
terial attached to a keel and leading 
edge members in place of conven- 
tional wings structures, is based on 
studies at NASA’s Langley Re- 
search Center. Flex Wing vehicles 
could be manned or unmanned, 
powered or unpowered. 
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Quiet rocket blast off studies by 
Air Force included tests of stand- 
ard 1000-lb-thrust jet assisted take- 
off rockets and various blast deflec- 
tors. Flat plate, curved plate, and 
conical deflectors considerably dif- 
fused and diverted exhaust flow re- 
sulting in a decrease in overall 
acoustic power level of up to 8 dcb. 


ZERO-GRAVITY test of a capsule 
containing liquid hydrogen takes 


place in a KC-135 jet. Convair is 
studying behavior of liquid rocket 
fuel in outer space for NASA. 


Unfurlable antennas, which can 
be packed into small containers and 
then expanded on control are being 
investigated by the Air Force. An- 
tennas can be erected by mechani- 
cal or pressure techniques after the 
carrier vehicle obtains orbit. 


Navy laboratories perform re- 
search and development work cus- 
tom-tailored to specific Navy needs. 
In doing so they frequently come 
up with a solution to urgent prob- 
lems peculiar to naval forces. Such 
is the case with the new laboratory- 
developed chemical cleaning sys- 
tem which appears to be effective 
in salvaging electronic and electri- 
cal equipment damaged by sea wa- 
ter, fuel oil and smoke. This sys- 
tem is currently recovering millions 
of dollars worth of radio, radar and 
fire-control instruments damaged in 
the fire aboard the carrier Constel- 
lation. 


. AEROSPACE DATA CAPSULE 2 


Lunar atlas, containing 30 of the 
photographs taken by Soviet rocket 
and four maps of the moon’s far 
side prepared by Soviet astrono- 
mers, is now available in English. 
The translation also gives a detailed 
description of how the pictures were 
taken. Order 61-21955 from OTS, 
U. S. Dept. of Commerce, Wash- 
ington 25, D. C. ($3.) 


Mach 4 escape at 100,000 ft 
altitudes is being studied by Lock- 
heed. Capsule for mid-60’s air- 
airplanes will be built of titanium. 
Wedge like high drag fins will sta- 
bilize capsule during free fall, un- 
til parachute is deployed at about 
15,000 ft. 


EQUIPMENT 


Automatic tester, built by 
Sperry Gyroscope, now in final Air 
Force evaluation, cuts B-58 bomb- 
ing-navigation systems checkout 
time from days to hours. 


PARACHUTE capable of vertical 
pin-point landings is in final test 
stage. Called the Vortex Ring, it 
has four sail-type blades of fabric 
that spin like a helicopter rotor. 
Pioneer Aerodynamic Systems’ de- 
sign shows promise for cargo air 
drops, missile recovery and ground 
braking of high speed jets. 
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Air safety device, known as an 
“analog-to-pressure converter,” is 
used before flight to correct and 
calibrate plane’s instrumentation to 
insure near-perfect altimeter and 
air speed readings during flight. 
Portable unit was designed by Mo- 
lectronics. 


Electrical system, developed at 


‘NASA for checking out and launch- 


ing the Saturn booster uses six or 
seven times as much hardware and 
instrumentation as the Jupiter sys- 
tem. Equipment will be used initi- 
ally on SA-1 flight. 


Image Storage Translation and 
Reproduction (ISTAR) system 
would enable space vehicles to ob- 
tain and transmit back to earth 
clear, detailed photographs even in 
extremely dim light. Chance Vought 
ISTAR can store images over a 
long period of time. 


Airborne radar-jamming system 
will be tested by Air Force. Sperry 
system employs traveling wave 
tubes for jamming over a broad fre- 
quency range and a computer for 
automatic operation. 


SUPER RADAR SYSTEMS pro- 
duced by Sperry Gyroscope, will be 
tested by lightweight balloon-borne 
aluminum spheres. Use of sphere 
eliminates costly testing on actual 
aircraft. 
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Camera, mounted in pods at 
each wing tip of F9Fj drone targets. 
will record how and why guided 
missiles hit or miss their targets dur- 
ing tests. When a hit is scored, the 
pod and cameras, built by Photo- 
Optical Div. of Consolidated Sys- 
tems, are recovered from the drone 
and the filmed records are removed. 


PLASMA MODULATION TUBE 


may help overcome communication 
blackouts during vehicle re-entry. 
Melpar developed device is designed 
to simulate plasma sheath condi- 
tions in the laboratory where studies 
can be made to overcome the prob- 
lem. 


Seconds can be broken down 
into millionths with Sperry Gyro- 
scope timing system, which could 
be used to detect and pinpoint space 
vehicles and aircraft, as well as syn- 
chronize sensing devices monitor- 
ing all-important missiles tests and 
to survey offshore islands and re- 
mote areas with extreme exactness. 


MATERIALS 


Chlorine triflouride and triethyl- 
aluminum for ignition of hydrogen- 
oxygen rocket combustor were sub- 
ject of study at NASA’s Lewis Re- 
search Center. These chemicals, as 
well as liquid florine or trimethyl- 
boron, have equally satisfactory ig- 
nition characteristics. 


Nuclear fuel in the form of glass 
fibers is being studied by Soviets. 
Nuclear fuel elements made of glass 


fibers containing oxides of uranium, 
plutonium or thorium would have 
advantages of chemical stability, 
thermal stability and heat resis- 
tance, making it possible to oper- 
ate at temp up to 1000° C. 


Solid propellant development 
will reduce the weight of rocket 
motors and increase energy output 
about six per cent according to 
B. F. Goodrich Aviation Products. 
C-123 formula “has a 15 lb-sec in- 
crease over present rubber-based 
fuels.” 


PRODUCTION 


Universal filament winding ma- 
chine developed by Marmco R&D 
Div. of Telecomputing Corp. can 
produce a wide range of shapes 
using glass, in wire or tapes. 


Powder metallurgy technique, 
developed by Union Carbide Met- 
als, can be used to produce refrac- 
tory metal parts on a short run 
basis. 


EXPLOSIVE FORMING tool 


needed to produce a 78 in. die 
parabolic missile reflector at Ryan 
Aeronautical, resulted in the largest 
ductile iron casting ever poured. 
Machining was done on a Betts 
vertical boring mill using a Mimik 
hydraulic tracer. 


De-salting process feasible for 
municipal applications according to 
General Electric. Recent tests of 
thin film water distillation process 
show a significant increase in the 
heat transfer capability for indus- 
trial installations as well. 
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Subcontract Sources 

Proposed unclassified NASA 
research and development contracts 
leading to prime contract awards of 
$100,000 or more will be published 
in the Dept. of Commerce’s daily 
“Synopsis of U. S. Government 
Proposed Procurement, Sales and 
Contract Awards.” Subscription 
rate is $10 a year by regular mail, 
$28 via air mail, from U. S. Dept. 
of Commerce, Administrative Serv- 
ice Office, Room 1300, 433 W. 
Van Buren St., Chicago, IIl. 


Bigger Cut to Industry 

The Navy will require more 
commercial overhaul and mainte- 
nance. Ashley L. Monroe, Assis- 
tant Director, Aircraft Engineering 
Div., Bureau of Naval Weapons, 
told a recent meeting of the Na- 
tional Aeronautical Services Asso- 
ciation that there are “not enough 
in-house available man hours” to 
keep up with the new array of air- 
craft types. 


Business Moves 

Atlantic Research Corp. has be- 
come part owner of Nuclear Sci- 
ence and Engineering Corp. Atlan- 
tic’s Nuclear Engineering Div. is 
constructing a new “hot” laboratory 
at the company’s Edsall Road loca- 
tion. 

United Technology has opened 
a Research and Engineering Center 
in Sunnyvale, Cal., and a Develop- 
ment and Test Center near Morgan 
Hill which was constructed to han- 
die the fabrication and testing of 
some of the largest solid propellant 
rocket motors currently being built. 

Chance Vought Corp. will merge 
with Ling-Temco Electronics, Inc., 
if stockholders agree at meeting 
later this month. 
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Philco Corp. has moved its ex- 
panding Communications Systems 
Div. into a new building at Fort 
Washington, Pa. 

IBM’s new Thomas J. Watson 
Research Center at Yorktown, N. 
Y., will house some 1500 scientists 
and supporting personnel for the 
study of computer science. 

Astrosonics, Inc., has created a 
new division, Astrosonic Develop- 
ment Laboratories, for applied 
sonic research at Syosset on Long 
Island, N. Y. 


Contracts 

Aerojet-General — $10,893,082 
from Army for additional rocket 
motors for the Hawk missile. 

Marquardt Corp. — $4-million 
from Air Force for research and 
development of a nuclear ramjet 
engine, Project Pluto. 

Temco Missiles & Aircraft— 
$1.5-million for erector-launchers 
for Army’s Sergeant missile. 

Sperry Utah — $2,479,500 for 
continued development of Army’s 
Sergeant surface-to-surface missile. 

Epsco, Inc.—$2.4-million from 
Martin-Denver for telemetry equip- 
ment for Titan IT. 

Aveo Corp.—$4-million from 
Convair for components to be used 
on Convair 990 jet transports. 

Control Data Corp.—$4-million 
from General Electric for Polaris 
submarine computers. 

General Electric Co.— $4.5- 
million for production of Mark 1 
inertial guidance systems for Navy’s 
Polaris missile. 

Hycon Mfg. Co.— $2-million 
from Navy for automatic test equip- 
ment for Terrier and Tartar mis- 
siles. 

Kollsman Instrument Corp. — 
$9.5-million from Air Force for 
automatic astro compasses to be 
installed on Boeing B-52_ jet 
bombers. 


Procurement 
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Philadelphia Gear Corp.— 
$2.5-million from General Dy- 
namic Corp. for development of 
gear drives for 600 ft radio tele- 
scope being built for Navy at Sugar 
Grove, W. Va. 

Raytheon Co. — $56,984,827 
from Army for Hawk missiles and 
ground equipment. 

Magnavox Co.— $10.5-million 
from Navy for P2V and P3V ASW 
radar units. 

Western Electric Co. — $23.,- 
222,202 from Army for production 
of Nike Hercules missiles. 

General Electric Co. — $28- 
million from Air Force to develop 
Mark 6 nose cone for Titan II. 

Bendix Corp. — $17 - million 
from Army to develop the com- 
munications system for Project Ad- 
vent, 24-hour microwave communi- 
cations satellite. 

Sperry Rand Corp.—$8.5-mil- 
lion from Navy for inertial naviga- 
tion equipment for ballistic missile 
submarines. 

Thiokol Chemical Corp.—$4.,- 
936,812 from Army for various 
missile motors. 

Interstate Electronics Corp.— 
$9.5-million from Navy for test 
instrumentation systems for Polaris 
submarines. 

Bell Aerosystems Co.— $10- 
million for automatic landing sys- 
tems to be used on Navy carriers 
and as land based training devices. 

Sylvania Electric Products Inc. 
—$5-million for communications 
systems for Navy’s Polaris sub- 
marine. 

Burroughs Corp.—$11-million 
from Air Force to build data proc- 
essing systems for the SAGE (Semi- 
Automatic Ground Environment) 
system of continental air defense. 

Bendix Corp.— $1-million for 
emplacement systems to lower the 
Minuteman ICBM into underground 
launch tubes. 
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NEW SPACE AGE FUTURES FOR 


engineers 


in CONNECTICUT or FLORIDA 


Pratt & Whitney is expanding its operations at their East 
Hartford, Connecticut, Facility and Florida Research and Develop- 


Patna acetates Bhi 5 eee neatee ie eaia eines 
ment Center in advanced research and development projects and 


long-range product planning. Current programs include: the 
LR115-liquid hydrogen rocket engine for Centaur and Saturn and the 
J58-Mach 3 turbojet engine. Advanced Research and Develop- 


ADVANCED PROJECTS AND APPLIED RESEARCH GROUPS 


For new research and development projects and long- 
range product planning in the fields of propulsion 
and power systems and their applications. 


© Aero Thermo Engineers—for performance and op- 
timization studies of all types of advanced power 
plant and vehicle systems including air and space 
craft, missile aircraft, marine and industrial appli- 
cations. 


© Applied Science—for advanced research and de- 
velopment work in the fields of nuclear, chemical 
and direct conversion equipment. Openings exist 
at BS through PhD levels in Engineering or Physics. 


¢ Nuclear Engineers—to work with advanced concepts 
in reactor systems and components. 


ROCKET ENGINE TEST SUPERVISORS (Florida only) 


Experience required in the technical and administra- 
tive direction of rocket engine test complexes. Plan, 
schedule, co-ordinate and supervise engineers and 
support personnel. Broad knowledge of test equip- 
ment, facilities design and construction, test opera- 
tions and support activities required. 


MEHANICAL DESIGN ENGINEERING 


Engineers to engage in the mechanical design of 
propulsion systems, including turbojet, turbo fans, 


ment programs are exploring the fringe areas of technical knowl- 
edge in magnetohydrodynamics, thermionic and thermo-electric 
conversion, hypersonic propulsion, fuel cells and nuclear power for 
military, space and industrial applications. Openings exist at all 
levels of experience for engineers and scientists who want to 
work as part of a team dedicated to maintaining Pratt & 
Whitney's position of leadership in the future. 


solid rockets, liquid rockets, magnetohydrodynamics, 
nuclear and fuel cell power applications. Must have 
a minimum of 5 years’ related experience. 


ANALYTICAL DESIGN ENGINEERING 


Engineers with experience in the analysis of propul- 
sion systems design, including the fields of advanced 
structures, stress analysis, vibration, compressor an- 
alysis, turbine analysis and combustion and heat 
transfer. Must have a minimum of 5 years’ related 
experience. 


EXPERIMENTAL ENGINEERING 


BSME's or AE's with 2-5 years’ experience to conduct 
and direct rocket engine and component develop- 
ment. Of particular interest are those who have had 
engine performance, fuel and control systems experi- 
ence on advanced propulsion systems. 


ELECTRICAL ENGINEERS 


2-3 years’ experience in electromechanical, electro- 
hydraulic, and electro-pneumatic servo control sys- 
tems; systems design, trouble-shooting, and calibra- 
tion; should have good mechanical background. 


TEST FACILITIES ENGINEERS (Florida only) 


Facility engineers and test equipment designers with 
4-7 years’ experience in the turbojet and rocket fields. 


Please submit your complete resume, including minimum salary requirements, to: 


MR. P. R. SMITH, OFFICE 40 
PRATT & WHITNEY AIRCRAFT 
410 MAIN STREET 

EAST HARTFORD 8, CONN. 


- or = 


MR. J. W. MORTON, 

OFFICE 40 

PRATT & WHITNEY AIRCRAFT 
WEST PALM PEACH, FLORIDA 


All replies will be handled promptly and in complete confidence. 


PRATT & WHITNEY AIRCRAFT 


DIVISION OF UNITED AIRCRAFT CORPORATION 


All qualified applicants will receive consideration for employment 
without regard to race, creed, color or national origin. 


Circle 10 on Inquiry Card, Use Home Address 
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The Biggest Bill 


A quickened pace and a longer 
stride will result from the recent 
Congressional Armed Services Com- 
mittees bill on defense spending. It 
is the largest authorization bill in 
the history of Congress. About 
$12.5 billion, and all for aircraft, 
missiles, and ships. 

Underlying philosophy of the 
bill is summed up by House Com- 
mittee Chairman, Carl Vinson: 
“while it may be true that the 
ICBM may at some time in the fu- 
ture provide our principle means of 
deterrence, and our greatest offen- 
sive capability, that time has not 
come as yet... .” 

The House Committee restored 
B-52 and B-58 to production status 
by allowing $383.2 million. In ap- 
proving the bill, the Senate added 
$132 million for B-52’s. The last 
fifteen C-135 aircraft MATS buys 
will get new turbofan engines in- 
stead of turbojets. $21.2 million is 
allowed. And three special, long- 
range jets for top government of- 
ficials will be bought with $25 mil- 
lion in new funds. The specific 
design, VC-137A, DC-8, or Convair 
990 has not been disclosed. Navy 
will get $10 million additional to 
buy two nuclear powered missile 
frigates instead of three conven- 
tional missile frigates. 

By a slim, two-vote margin the 
House decided to abide with Presi- 
dent Kennedy’s B-70 cutback. 
Eisenhower had asked for $358 
million, Kennedy requested $220 
million. This battle is far from over. 

Highlights of the Navy ship 
building and conversion budget are 
35 new ships, 16 small vessels, and 
modernization of 22 existing ships. 
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The 29th Polaris submarine has 
been stepped up to a 1964 com- 
pletion date from the earlier 1967 
date. 

This is how the respective ser- 
vices fare under this bill which 
started out as a $10.572 billion 
Eisenhower request, was jumped 
to 11.974 billion by Kennedy, and 
now stands at $12.5 billion. 
AIRCRAFT: 

Army $211,000,000 

Navy and Marine Corps 

$1,585,600,000 


Air Force $3,802,200,000 
MISSILES: 

Army . $550,800,000 

Navy $606,400,000 

Marine Corps $27,000,000 

Air Force $2,792,000,000 
NAVAL VESSELS: 

Navy $2,925,000,000 


Space Spending 
“All Systems Go" 


Space skeptics had best take 
cover. Those who are geared for 
it can get ready for a flurry of con- 
tracting activity. Success at Cape 
Canaveral on May 5 will give the 
man-in-space project the shot of 
adrenalin it has long needed. 

Just a few days before Cdr. 
Alan Shepard flew an “A-OK” bal- 
listic trajectory in a Redstone 
boosted Mercury capsule, the House 
Space Committee tentatively de- 
cided to increase President Ken- 
nedy’s request for space money by 
$88.7 million. Over $50 million of 
this amount was set aside for man- 
in-space. 

Just a few hours after the Mer- 
cury flight, the President informed 


the nation that as great an achieve- 
ment as the first man-in-space shot 
was, it didn’t change our position 
in the race . . . “we are behind.” 
He said he would again ask for 
more money. 

Kennedy’s original budget re- 
quest was for about $1.2 billion. 
The latest House action has raised 
the budget to $1.3 billion. By the 
time the President raises Congress 
back ‘the kitty could conceivably 
approach $1.5 billion. 

Where Money Goes — Where 
will the new money go? Apollo, 
Rover, and big solid boosters stud- 
ies. 

Increased Space Funds (millions) 


From To 
Apollo $29.5 $72.1 
Rover i fin 26.0 
Solid Boosters 3.1 18.1 


Whether Project Apollo is the 
correct or incorrect approach to 
manned space exploration is still 
debatable from a technical stand 
point. But NASA’s position is now 
firming up. A successful Mercury 
orbit will make the ballistic reentry 
technique untouchable for a few 
years. 

Don’t expect Air Force to take 
it all sitting down, however. Dyna- 
soar, Aerospace Plane, and the 
merits of high-lift reentry techniques 
will be subjects of some heated dis- 
cussions in the next few months. 

More activity can be expected 
in nuclear propulsion too. There 
is a growing realization that this 
kind of powerplant is a must for 
the long haul in space. The $26 
million Rover budget could be 
boosted when the House Science 
and Astronautics Committee starts 
hearings anew next month. 
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M ASBESTOS-PHENOLICS 


hottest weight-savers for hot missile parts 


Pound for pound, R/M asbestos-phenolic missile R/M asbestos-phenolics are noted for their low 
parts give you far greater strength and stability at thermal conductivity and diffusivity. Because they 
extreme temperatures than metals. are based on extra-long spinning grade asbestos 
This amazing family of asbestos reinforced fibers, they assure high strength-to-weight ratios, 
plastics retain their good mechanical properties superior shock resistance, and uniform ablation. 
for the time-temperature relationship required for Felts, mats and molding compounds are avail- 
missile parts. At elevated temperatures where able from R/M for prompt shipment in produc- 
other materials fail, asbestos-phenolics made by tion quantities. They are backed by comprehensive ; 
R/M_ provide superior strength retention and technical data and know-how. Write for in- — Nozzle of R/M Style 150RPD 
controlled ablation. formation and engineering help. Pyrotex® molding compound. 
~. 


v RAYBESTOS-MANHATTAN, INC. 


Reinforced Plastics Department, Manheim, Pa. 
SPECIALISTS IN ASBESTOS, RUBBER, ENGINEERED PLASTICS, SINTERED METAL 
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AIR FORCE SAVINGS 


A $73-million reduction in fu- 
ture Air Force requirements for mo- 
tor vehicles has been realized as one 
result of a new Air Force program 
called “Money Tree.” A conference 
of materiel officers indicated a need 
for improved materiel management 
discipline. 

Re-examination of vehicle re- 
quirements resulted in the elimina- 
tion of 70 types of equipment. This 
reduces future Air Force require- 
ments by 14,076 vehicles. 


Basically sound original designs 
have permitted a high degree of 
standardization during the four 
years of production on the KC-135 
tanker, according to Maj. Gen. W. 
A. Davis, commander of the aero- 
nautical system center at Wright- 
Patterson AFB, Ohio. The current 
average unit price for the basic air- 
frames is about one-third of the 
average unit price of the first 100 
airplanes produced. 


SATELLITE BATTLE 


Comnuunications Satellites, Inc., 
new GE subsidiary, and American 
Telephone and Telegraph Co. have 
both applied to the FCC to establish 
a worldwide communications satel- 
lite system. 

AT&T contends that licensed 
communication carriers have the 
right to develop and own the satel- 
lite facilities and that they should 
choose equipment to be used. GE 
wants checks to preclude domina- 
tion by any one communications 
carrier Or aerospace corporation. 

Proposals call for a microwave 
relay service to all FCC regulated 
carriers, using space satellites. 

GE estimate places cost of a 
complete worldwide system with 
120 ground stations between $400 
and $500-million. Initial ten-satel- 
lite, 20 ground station system could 
be operational by 1965. 
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Reliability handbook, published 
by Rome Air Development Center 
(RADC), contains — specifications 
prepared by the Center covering 
both development and _ production 
models of electronic equipment. 
RADC is responsible for all R&D 
related to AF ground electronic 


equipment. 


Problems in organizing a relia- 
bility program, the role of manage- 
ment in reliability programs, the 
mathematics of reliability and relia- 
bility production are discussed. 

The handbook ($4.) PB 161 894 
and latest revision ($3.50) PB 161 
894-1 are available from OTS, U. S. 
Dept. of Commerce, Washington 25. 


MANAGEMENT QUOTES 


Elliot Mitchell, asst. director for 
propulsion, NASA: “While nuclear 
and electric propulsion are attractive 
longer range candidates for high ef- 
ficiency upper stages and spacecraft 
over the next ten years, it appears 
likely that chemical systems will be 
the practical launch vehicles and 
probably our principal system for 
spacecraft.” 


Rep. Overton Brooks, (D-La.) 
Chairman, House Committee on Sci- 
ence and Astronautics: “No matter 
what course the nation takes with 
respect to the development of huge 
chemical rockets, we cannot afford 
to ignore nuclear rocket develop- 
ment.” 


Dr. Howard G. Schutz and 
Richard A. Duffee, Battelle Memo- 
rial Institute, reported at a meeting 
of the Institute of Environmental 
Sciences: “Atmospheric conditions 
which are normally considered to 
have insignificant effects on per- 
formance or, at most, are regarded 
as laboratory curiosities, may be- 
come of paramount importance in 
the sealed capsule environment.” 


Management 
AEROSPACE DATA CAPSULE 5 


ORGANIZING RELIABILITY 


DOUGLAS IN ITALY 


Two prototypes of a Douglas El 
Segundo designed six place twin jet 
will be detail designed and built by 
Piaggio of Genoa. First flight of jet, 
designed to cruise at 500 mph at 
40,000 ft, will be in 1962. ftalian 
Air Force is contributing towards 
the development with an eye to buy- 
ing production models. 


INTERNATIONAL POOL 


Wilcox Electric Co. has signed a 
long-term exclusive agreement with 
Marconi’s Wireless Telegraph Co., 
Ltd., of England, to “pool the tech- 
nical resources and long experience 
of the two concerns in the field of 
aviation electronic equipment.” 


Lt. Gen. B. A. Schriever, Com- 
mander AFSC: “When you combine 
a contest of ideologies with a tech- 
nological explosion, you get an in- 


tense competition . . . a competition 
in which no prizes are given for 
second place.” 


Hugh L. Dryden, NASA deputy 
administrator, addressing the Na- 
tional Aeronautical Meeting: Tests 
at Langley Research Center have in- 
dicated . . . “that for each half inch 
of slush or water on a runway, ap- 
proximately 1000 ft more of ground 
run is required for a jet transport to 
take off.” 


Maj. Gen. Frank A. Bogart, newly 
appointed comptroller of the Air 
Force, told 550 top business execu- 
tives during Sperry Gyroscope Co. 
cost reduction seminar: “Industry 
has lost a half billion dollars in de- 
fense business in the last two years 
and the nation an equal amount in 
hardware.” Loss came about when 
Congress, unimpressed by DOD cost 
reductions slashed appropriations by 
$465-million in F.Y. 59 and 60. 
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SUPERIOR TUBING 


FOR FLUID- HAN 


LING LINES 


ass. 


New bulletin gives latest data 


TubeXperience in action 


AWWA 


yw 


ae ae 


on Superior tubing for aerospace 


Superior’s new bulletin covers for the first time in a 
single piece of literature comprehensive information 
on tubing for aircraft and missiles, fluid-handling 
lines, engine and airframe applications, instruments 
and accessories. It gives required characteristics, mate- 
rials usually specified, tolerances, tempers, and other 
pertinent data which will help you select the proper 
Superior tubing for a specific application. 


Superior’s extensive background in producing small- 
diameter tubing to extremely close tolerances in a wide 


variety of materials, coupled with high metallurgical 
competence and manufacturing skills, saves you ex- 
perimentation in the selection and application of 
tubing for aircraft, missiles and rockets. 


Put Superior’s small-diameter tubing experience to 
work for you. Send for a copy of this handy new 
bulletin. If you have a specific problem, ask for the as- 
sistance of an applications engineer—he will be glad to 
discuss it and make a recommendation. Superior Tube 
Company, 2053 Germantown Ave., Norristown, Pa. 


Syoerrar fide 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 24 in. OD 


West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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COVER STORY 


ADM. de FLOREZ, USNR (Ret.) 


Sire of Simulators 


Luis de Florez took the Navy by storm. 
At the age of 50, the five-foot fireball “se- 
cured” a commission, and orders to flight 
school. When he swooped into Pensacola 
out of an overcast sky, stepped alone from 
his own aircraft and announced, “I am 
here to learn to fly,” the Navy knew it had 
a tiger by the tail. 

De Florez’ fortune and reputation had 
already been established as an engineer. 
But he went on to new fame. He revolu- 
tionized training methods for men who fly 
and men who operate complex ground 
equipment. He sired the simulator. His 
electronic devices were used in WWII to 
teach men gunnery, navigation, piloting, 
recognition, communications, etc. 

Now Navy has Polaris. And it is train- 


ing crews de Florez-fashion. When the 29th 
Polaris submarine slides down the ways in 
1964, its crew will be ready. The crew 
will have trained for the use of what.some 
call “the ultimate weapon” in the “ultimate 
simulator” ... an electronic replica of the 
submarine’s nerve center. De Florez did 
not design this device, but symbolically the 
contract manager was the Naval Training 
Devices Center he founded with a $50,000 
budget. 

Of modern weaponry de Florez says, 
‘.. . the machines are useless without the 
men.” He thinks training simulators are 
not getting their due of Aerospace Ground 
Equipment funds. “. . . five percent of any 
weapon system cost should be set aside for 
training hardware.” 


by John P. Kushnerick 


Putting Polaris on target is ba- 
sically a navigation problem. The 
first 9000 miles the missile travels 
in the submarine are just as impor- 
tant as the last 1200 to 2500 miles 
it travels in flight. Without exact 
knowledge of the submarine’s loca- 
tion the Polaris mission could fail. 
Some of the most precise navigation 
ever performed will therefore be de- 
manded of Polaris-launching sub- 
marine crews. And the crews must 
be ready as each of the 29 subma- 
rines and their nuclear arsenals be- 
come complete hardware. Crew 
training is part of the concurrency 
concept in Polaris. How is it all 
done? With complex electronic 
simulators. These training devices 
are taking on a vast new importance 
in the family of Aerospace Ground 
Equipment. 


Nav Simulator — The first of 
three huge navigational training sys- 
tems Navy will procure has been 
installed at the U.S. Navy Sub- 
school in New London, Conn. The 
other two will be located at differ- 
ent training stations. Together, 
these simulators will play a major 
part in the selection and training 
of about 6000 crew members while 
these ships are still being built. 
When each crew goes to sea it will 
navigate under the same star sky it 
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Polaris Precision Polished 


In Huge Simulator 


has practiced with for many hours 
in the simulator. Electronic pro- 
gramming makes it possible to “look 
forward” in time to duplicate any 
celestial umbrella at any place in 
the world at any given time. 

The navigation simulator was 
developed and built by Reflectone 
Electronics, Inc., in close coopera- 
tion with Electric Boat Co. To- 
gether with other systems which du- 
plicate the complex diving and mis- 
sile launching equipment in the sub- 
marine George Washington, this 
simulator is one of the most com- 
plex training systems ever con- 
structed. The simulator - complex 
can be used to train any portion or 
all of the crew in certain phases of 
Polaris operation or missile count- 
down and firing. The navigation 
simulator permits these operations 
at “different parts of the globe.” 


Key Equipment—Key pieces of 
navigation equipment in the subma- 
rine and simulator are: 

@ Three SINS’s (Ships Inertial 
Navigation System) 

® NAVDAC (Navigational 
Data Computer) 

e@ A Star Tracking Periscope 

@ LORAN Equipment 

Reflectone Electronics devised 
means of simulating the actual op- 
eration characteristics of this navi- 


gation gear. Complex computer 
studies were used to probe the char- 
acteristics and extent of errors in- 
herent in each piece of equipment. 

It was also necessary for Reflec- 
tone to design an artificial star sky 
into the star-tracking periscope, and 
devise a motion simulator to dupli- 
cate ocean currents and the sub- 
marine’s motion through the water. 


SINS Simulator — The George 
Washington gets its most accurate 
navigational data from the three 
Ships Inertial Navigation Systems 
(SINS) on board. It is now quite 
well known that these units are 
heavy, accurate versions of the Nav- 
aho missile guidance developed by 
Autonetics Div., NAA. Despite 
their great precision these units gen- 
erate small inaccuracies. As a re- 
sult each gives a slightly different 
reading. Readings must be com- 
pared with each other and with data 
from other equipment to establish 
the submarine’s position with the 
accuracy required for a Polaris 
launch. 

The equipment operator must 
learn to select the SINS data he 
thinks most accurate, since the 


NAVDAC which accepts and di- 
gests this data will take only one 
input at a time. This could be a 
vital decision and could significantly 
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POLARIS SUBMARINE simulator now installed at 
Navy Subschool, New London, Conn., is used to train 
crews concurrent with weapon system construction. 
Complex navigation simulator (background) is used in 
conjunction with diving trainer (foreground). 


allect a ship’s course. 

It is necessary to degrade the 
SINS output data in a highly realis- 
tic manner in order to simulate gyro 


When utilized as a navigation 
trainer only, ship’s heading and 
speed through the water are in- 
serted into the system by the in- 


= 
NAVIGATION CONTROL CONSOLE shows status 
of all major equipment in the nav-system. This includes 
3 SINS (one visible upper right), NAVDAC, and star- 
tracking periscopes. Position readout is given in longi- 
tude and latitude on numerical counter for each SINS. 


: i. ee ee 
ee oe 


~ a 


tal computer, relieves crews of the 
time-consuming task of recording 
and computing navigational data. 
It contributes enormously to speed 


friction, accelerometer malfunctions, structor from a ship’s characteristic and accuracy. 4 
and other errors apparent in the simulator. However, when used Simulating this equipment was j 
actual submarine. These errors may —- With the diving trainer this data is po small task. The design approach 
be extremely small or they may be Obtained from the computer asso- however was clever. Rather than 7 
gross, indicating a malfunctioning ciated with the diving trainer. Ocean _ simulate the entire system only the | 
SINS. The simulator provides means currents may be manually set in by output, derived from the course gen- 3 
for inserting the varying degrees the instructor or set automatically. erator, was created. | 
and rates of error into the several The course generator is an ana- In the actual submarine the out- 7 
systems of the simulated SINS log system that makes use of ve- puts of the several navigational de- ;: 
equipment, to produce latitude and locity servos. Speed through the vices, such as the SINS, and LO- : 
longitude readouts. water is inserted as a voltage. The RAN-C. are fed into the NAVDAC | 
Course Generator—In the simu- BO a Ee Re ee eteee, 28 Thee apes a ates j 
lator, an instructor controls a course Pi currents are also intro- sence at manny bag ane | 
generator that produces mechanical poe pes a voltage the function of the ini agg ” se 7 
and electrical signals representing Heading is on Si an analog re- eene ane games oe reg 7 
speed and heading of the vessel. solver “Wincetion of aaa PTC Coan. OE: nee w , 
Ocean currents can also be simu- sie weealbana’ iicikes 2: Wei om saipeig SFOTEES OBE eo EET ay 7 
: ing are resolved into Velocity = North, these differences so that the navi- 
ay by the nao The exact speed and Velocity + East. These com- gator can determine his most prob- 
and direction of known currents ponents help to form a vector in- able position. In the trainer, a simi- q 
are used in a specific geographic — dicating course of the vessel in the lar operation is conducted and the 
problem. water. Input data is derived from most probable position of the ves- 7 
. Indications presented to the nav- charts of the area in which the sub cat is determined from the printed q 
igators in the simulator, however, will operate. All inputs are de- of jndicated data. : 
are degraded by the inherent errors — graded to simulate actual errors. 7 
of the actual systems as a function The system converts these data Artificial Star Sky—The navi- ie 
of lapsed time from the last check and automatically plots the ship’s gation trainer also duplicates the 


or correction point. It is considered 
essential that navigation crews can 
be given training in calibration and 
resetting procedures for the equip- 
ment. 
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course on a chart as an output. This 
output is fed to the simulated SINS 
equipment. 

NAVDAC Computer—The Po- 
laris submarine’s NAVDAC, a digi- 


periscope system aboard the George 
Washington. This includes a Type 
8 periscope for celestial observa- 
tion, and Type II star-tracking 
periscope. 
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STAR SIGHTS are taken on periscopes. Type 8 (at left) is used f 


—s 


ning and location of star to be sighted. Type 11 (at right) is used for precise 
sightings. Gear at right of Type 11 is part of optical alignment for periscope 
and SINS. Reflectone Electronics built miniature planetarium with 60 


principal stars into periscope. 


An artificial sky with all princi- 
pal navigational stars (50 to 60) 
was incorporated into the periscope 
system. It is a miniature plane- 
tarium. Astro-computers position 
the sky to allow fixes to be taken 
for almost any navigable position on 
the globe for any time or date in 
the past, present or future. This 
equipment also incorporates a “star 
memory system” which controls the 
automatic positioning. The stars can 
be positioned according to a selected 
time of year, time of day, latitude 
and longitude, as well as instantane- 
ous heading of the vessel. 


The view seen by the navigator 
is that which would be seen in ac- 
tuality through the periscope as it 
revolves through its 360 deg arc. 
Readings taken on the simulated 
Type 8 periscope are correct to 
within approximately eight minutes 
of arc. Readings taken on the simu- 
lated Type 11 periscope, however, 
are accurate to within a few seconds 
of arc. 


When the navigator observes the 
heavens through the submarine’s 
two periscopes, it is possible to cor- 
rect plotted location and remove ac- 
cumulated errors from the several 
navigational devices. 


Operation of Periscope — The 
operator scans the sky with the 
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Type 8 periscope, selects the stars 
on which he will sight, and then 
sights with the more accurate Type 
11 periscope. The assigned index 
numbers of the stars being sighted 
are set into the NAVDAC com- 
puter. Each star’s number and posi- 
tion are stored in the computer’s 
memory. The computer then aligns 
the optical system of the Type 11 
periscope in accordance with where 
it thinks the ship is from data pre- 
viously set into the NAVDAC. The 
selected star is then viewed. If posi- 
tion data are correct, cross hairs will 
be on the star. Any deviation be- 
tween the star image and cross hairs 
represents “error” from actual posi- 
tion. 

The operator then manually re- 
positions the crosshair precisely 
upon the location of the star. Auto- 
matically the error is compensated, 
and computer corrections are pro- 
vided by pressing a mark button 
each time perfect coincidence is 
achieved. Data are inset into the 
computer which corrects for mo- 
tion of the vessel during the time 
the fix is taken to develop continu- 
ous precise positional data. 

With these new positional data 
the fix operation is repeated for two 
or three more stars. These data are 
set into the computer as the actual, 
precise location of the submarine 


THE BIG DECISION for which 
Polaris crew trains comes when 
“Fire” button is pressed on com- 
manding officer’s control panel. 
Panel gives status of the 16 missiles. 


at that exact time of day. The ship’s 
navigator then repositions the three 
SINS’s to correct for the accumu- 
lated errors and adjusts the several 
remaining units of navigational in- 
formation. As the vessel runs sub- 
merged, the navigation system main- 
tains a very precise “most probable 
location,” considering the errors and 
variations inherent in each of the 
several pieces of equipment. 


Equipment Details—The entire 
navigational system consists of three 
sections: the actual navigation cen- 
ter, the instructor’s console, and the 
computer room. 

The navigation center contains 
the equipment (SINS, NAVDAC, 
etc.) just described. 

The instructor’s console con- 
tains equipment for controlling the 
operating parameters of the entire 
navigation problem and each piece 
of equipment. 

The computer room houses the 
heart of the simulator system—the 
logic equipment that supplies infor- 
mation parameters, compares rela- 
tionships, and feeds data to the 
navigation center. 

4 


A REPRINT 
of this article can be obtained by 


writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 


Chestnut & 56th Sts., Phila. 39, Pa. 
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New Approach 
To Zero Gravity Tests 


Lockheed device simulates “effects” not "conditions" of zero G; 
All human sensory cues nullified by flotation and rotation; 
Could be basic tool for selecting and training astronauts 


by Raphael B. Levine, Ph.D., 


Human Factors Research, Lockheed-Georgia 


Weightlessness may be one of 
man’s biggest problems in his first 
space journeys. This condition is 
one of the most difficult to design 
against. Because, weightlessness can 
not be studied in detail prior to ac- 
tual space flight. 

A “Null-Gravity Simulator,” de- 
veloped by Lockheed’s Georgia 
Div., is, however, expected to pro- 
vide answers to many of the prob- 
lems. The device is designed to 
nullify all man’s important sensory 
cues to gravity. Visual, mechanical, 
and inner-ear balance cues will be 
reduced to negligible levels. 


Simulators — To duplicate a 
null-gravity situation on Earth, two 
approaches are possible. It is neces- 
sary either to: (1) Cancel the gravi- 
tational field completely in the 
vicinity of the subject, or (2) Sup- 
port the subject in the field in a 
manner which eliminates the forces 
of weight both at the surface of 
the subject and throughout his vol- 
ume. It is not possible to achieve 
either of these, except in the case 
of homogeneous magnetic speci- 
mens which can be supported, mole- 
cule by molecule, in a magnetic 
field of force exactly equal to that 
of the gravitational field. 

But, duplication of the effects of 
null-gravity conditions and duplica- 
tion of the null-gravity conditions 
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are two different problems. To solve 
the former, we only simulate null 
gravity; we do not produce it. 

The role of simulators which 
reproduce many of the essential 
conditions of actual operating situ- 
ations has grown in importance as 
the complexity of man’s function 
in man-machine systems increases. 
Successful simulators not only make 
it possible to study man’s reactions 
to new and difficult situations, but 
also provide a means by which man 
can learn to react effectively to 
new environments. Dangers and 
costs associated with learning in the 
actual environments is removed. 

Lockheed’s simulator is designed 
to duplicate all or most of the im- 
portant psychological and physio- 
logical effects of true long-term 
weightlessness. This will be of im- 
mediate practical importance in the 
selection of future astronauts. 
Training the selectees could also be 
done in the facility. Of no less im- 
portance will be the information 
obtained concerning the function 
of physiological and psychological 
processes in the weight-deprived 
state. Besides the basic knowledge 
of sensory and metabolic processes, 
interesting in itself, such informa- 
tion can be applied to the design 
of many special life-support sys- 
tems necessitated by null-gravity 
existence. 


Before looking at how this de- 
vice simulates the null-gravity con- 
dition, some of the terminology of 
weightlessness and its simulations 
should be understood—weightless- 
ness, null gravity, zero gravity, and 
free fall. 

Weightlessness—Weight is one 
of the more noticeable effects of 
gravity. This phenomenon is the 
force which a mass exerts on a sur- 
face supporting it in a gravitational 
field. In the case of a finite body, 
each layer of molecules in the body 
is supported by the layer below it, 
so that forces exist throughout the 
body. When the basic support is 
removed, the body falls freely, and 
the force which we know as 
“weight” vanishes. This is true not 
only at the surface of the body, 
but throughout its mass, as well. Un- 
der such circumstances, this aspect 
of gravity, as we normally experi- 
ence it, has been nullified, even 
though the gravitational field itself 
continues to act, unaltered. We, 
therefore, speak of free fall as a 
“null-gravity,” rather than a “zero- 
gravity” state. 

“Free-fall” is exactly what the 
term implies: a falling freely to- 
wards the center of all masses act- 
ing on the body. In the case of a 
body released above the surface 
of Earth (as in a rocket when the 
motors are shut off) it begins im- 
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mediately to fall towards the center 
of Earth with an acceleration — 
g ft/sec?. The value of g depends 
principally on the distance of the 
body from the center of Earth, and 
is equal to at least 60 per cent of 
the surface value in most orbits at- 
tained to date by Earth satellites. 
An orbiting object is only a special 
case of free fall, in which the for- 
ward (tangential) motion combined 
with the falling-toward-the-center 
motion produces a curved path 
which never intersects the Earth’s 
surface. The weight-effect of gravity 
is nullified as completely in this 
case as it is in simple free-fall. 

Zero Gravity—True zero grav- 
ity is another special case of null 
gravity. No “weight” would be ex- 
perienced by a man who was in- 
finitely far removed from all other 
masses. The absence of a gravita- 
tional field would be no different, 
in this respect, from falling freely 
in a finite field. 

Null-Gravity Simulation—Many 
of the effects of weightlessness may 
be obtained simply by immersing 
a subject in water. If, in addition, 
the subject is deprived of any visual 
cues to the true direction of the 
gravitational vertical, he may find 
it extremely difficult or even im- 
possible to determine this orienta- 
tion. Skin divers who have sur- 
vived such experiences will attest 
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to this. Researchers who have stud- 
ied these effects in detail have con- 
cluded that such a situation is a 
good first-order approximation to 
the true null-gravity state. 

Water immersion accomplishes 
the following effects: 


(1) The subject is supported by 
a uniform pressure over each square 
inch of his body surface. This elimi- 
nates one of the most important 
mechanical cues to the direction of 
the gravitational vertical—that of 
localized pressures at support sur- 
faces, such as the soles of the feet 
or the seat of the pants. When im- 
mersed, the subject is unable to 
detect the fact of being supported, 
even though the interior portions 
of the body are supported by the 
exterior layers. 


(2) Muscular effort needed to 
maintain a posture in the gravita- 
tional field is reduced nearly to 
zero, since each part of the body 
is supported by the water it dis- 
places. This effect can be enhanced 
by adjusting the limbs of the body 
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FIG. 1. SENSORY CUES for gravi- 
tational orientation arise in the inner 
ear. Nullifying the cues that the 
inner ear gives to the brain is im- 
portant in zero-gravity simulation. 


< 


FIG. 2. BASIC ORGANS for de- 
tecting gravitational accelerations 
are the otolith organs. These move 
in response to gravity or inertia 
forces. Causing the organs to rotate 
rapidly about a horizontal axis nulli- 
fies their detection abilities. 
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to neutral buoyancy, by use of 
buoyant bands of material on dense 
portions of the body and vice versa. 
This is almost precisely the situa- 
tion in free-fall; two effects arise 
from this method of muscle effort 
reduction: 

a. One is sensory. An impor- 
tant cue to the direction and 
magnitude of the gravitational 
vertical—tension in the muscles 
which maintain a posture—is 
lost. 
b. The other is mechanical. 
Unused muscles tend to atro- 
phy, and the bones to which 
they are attached tend to de- 
teriorate. This happens during 
water immersion as it will in 
space. 

(3) Sagging of soft tissues of the 
body (such as the belly) in a gravi- 
tational field is considerably re- 
duced. Stretch sense organs in the 
tissues supporting such soft areas 
no longer give information as to 
the direction and magnitude of the 


gravitational field. 
continued on next page 
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NULLIFYING GRAVITY .. 


continued 


Buoyancy eliminates pressure-point cues; 


Rotation nullifies sensors in inner ear 


(4) The force of friction be- 
tween the subject and the walls of 
the vessel in which he is immersed 
goes to zero, as it will in space 
flight. Locomotion within the ves- 
sel must be by swimming or by 
shove-off and __ inertial 
Shove-off will always have a strong 
component at right angles to the 
vessel wall, regardless of the direc- 
tion in which the subject desires 
to go. 


coasting. 


(5) Hydrostatic pressures within 
the blood-circulatory system are 
nearly completely compensated by 
corresponding pressures in the water 
surrounding the circulatory system. 
This is good approximation to the 
situation in free-fall where there are 
no hydrostatic pressures at all. In 
either case, distension of the blood 
vessels by such pressures tends not 
to occur. 

Water immersion, alone, does 
not accomplish really excellent null- 
gravity simulation, however. Dis- 
orientation does not persist in 
experienced subjects. After some 
practice, the subject regains his 
orientation with respect to the gravi- 
tational field, and this orientation 
is quite effective, although of low 
angular precision. 

This additional sensory cue to 
gravitational orientation arises in 
the otolith organs of the inner ears. 
(Fig. 1.) 

These organs are specialized for 
the detection of lineal accelerations, 
including the acceleration due to 
gravity. The photomicrograph in 
Fig. 2 shows their structure. 

The dense otolith particles move 
in response to gravitational or iner- 
tial forces. They bend the brush of 
hairs on which they are mounted. 
The resulting distortion of the hair 
cells activates the nerve fibers sur- 
rounding the cells. Thus, informa- 
tion on the direction and magnitude 
of the net gravitational-inertial field 
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is fed into the central nervous sys- 
tem. In null-gravity situations the 
net field acting on the otolith par- 
ticles is zero, and the hairs are un- 
distorted. 

A null-gravity simulator nulli- 
fies the action of the otolith organs 
by causing them to rotate rapidly 
about a horizontal axis (by rotating 
the entire subject, water, and water 
tank at the same speed). The vis- 
cous damping effect of the gelati- 
nous layer surrounding the brush 
of hairs prevents the otolith organ 
from responding fully to any given 
direction of field before the direc- 
tion has changed. Like a D. C. 
voltmeter responding to an A. C. 
voltage, the otoliths respond less 
and less fully as the frequency of 
direction-change becomes greater, 
until at some frequency the response 
is so small. as to be below the 
threshold of sensation. 


In this way the last major cue to 
the existence of a gravitational field 
is taken from the subject. The basic 
conditions for the establishment of 
successful null-gravity simulation 
have therefore been met: (1) De- 
prive the subject of all usable sen- 
sory cues to the existence of a gravi- 
tational field, (2) Arrange his 
environment to duplicate as many 
as possible of the physiological ef- 
fects of weightlessness. 

The Simulator—The basic idea 
for null-gravity simulation—immer- 
sion plus rotation—was apparently 
conceived independently in 1958 
by three investigators, Muller, 
Stone, and Schueller. After an ex- 
tensive biophysical analysis, it was 
decided to implement the Muller 
concept in the Human Factors Re- 
search Laboratory at Lockheed 
Georgia Div. The Stone approach 
is being tested by the NASA Space 
Task Group, Langley Field, Vir- 
ginia. An early conception of the 
Lockheed simulator is shown in 
Fig. 3. Fig. 4 shows present hard- 


ware design. 
The dimensions are 5 ft in diam 
by 9 ft in length. The tank holds 


FIG. 3. NULL-GRAVITY SIMULATOR at Lockheed’s Georgia Div. uses 
combined buoyancy and rotational effects to eliminate sensory cues to gravity. 
Sketch shows only basic concept. Tank rotates at zero to 88 rpm, subject 
is immersed completely, and tank is controlled from a remote panel. 
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approximately 1300 gallons of 
water (11,000 Ib). It is driven at 
controlied speeds in the range of 
zero to 88 RPM by a 10 HP elec- 
tric motor acting through a mag- 
netic clutch and reducing gears. The 
subject is provided with respira- 
tion and communications equip- 
ment, and with safety gear for 
rapid removal from the tank in case 
of emergency. The large entry-exit 
hatch contains a winch, whose six 
cables connect, at the shoulders, 
hips, and legs, to a harness worn 
by the subject. When reeled in, this 
equipment holds the subject firmly 
against the inner face of the hatch. 
By this means, in conjunction with 
a spring-driven reel on the opposite 
side of the tank, the subject may 
also be positioned at any place 
within the tank along the diameter. 
In an emergency, a winch pulls the 
subject rapidly to the inside of the 
hatch. Tank and subject are stopped 
by means of a powerful air brake 
(although the water continues to 
rotate), and the hatch is opened. 
The entire procedure takes from 12 
to 15 sec. 

The tank is operated from a re- 
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mote control console which also 
contains instrumentation for moni- 
toring the mechanical functioning 
of the simulator and the physio- 
logical state of the subject. A 
closed - circuit television system 
shows the subject’s face at all times, 
and voice communication is also 
provided. Extensive precautions, 
similar to those in use at human 
centrifuge installations, have been 
taken to insure subject and opera- 
tor safety. 

The final design shown in Fig. 4 
has followed closely the original 
concepts. The tank runs in self- 
aligning bearings mounted on A- 
frame supports. The brake shoe 
bears on the band of unpainted 
metal to the left of the tank. At the 
right is the plumbing arrangement 
which conducts temperature - se- 
lected water into the tank through 
a standpipe and a rotating joint on 
the axis of the tank. The standpipe 
allows the subject to make neces- 
sary breathing movements by pass- 
ing an equivalent volume of water 
into and out of the tank. Three 
emergency dump valves near the 
right end of the tank provide a 
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FIG. 4. FINAL DESIGN of Lockheed’s simulator is 9 ft long and 5 ft in 
diam. Tank holds 1300 gallons of water. A 10 HP electric motor is used as 
the driving force. It operates through a magnetic clutch and reducing gears. 
Device may become as basic as centrifuge in training and selecting 


astronauts. 
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back-up safety measure. Lamps 
mounted over twelve small port- 
holes are used to present sequenc- 
ing visual cues (true or false, as 
desired) to the subject. Electrical 
power and communications circuits 
enter the tank through a slip-ring 
assembly. Breathing air is supplied 
from an external source by means 
of a rotating fitting. 

Feasibility Tests—Prior to con- 
struction of the simulator, a scale 
model (1-to-7.5) was built and used 
to study the hydrodynamics of the 
tank. The Reynold’s numbers ob- 
tained were applied to the full-scale 
design. The scale model was also 
used to test the concept of otolith 
organ nullification by spinning. The 
experimental animal used was the 
fish. 

At rotational speeds above ap- 
proximately 50 RPM, the fish ap- 
peared to lose all cues to the 
gravitational vertical. Since, under 
normal circumstances, these cues 
arise largely in the otolithic system, 
and since the fish otolith is very 
similar to that of the human being, 
it appears justifiable to predict that 
nullification by spinning will be 
feasible in the case of human sub- 
jects. Studies on human subjects 
in the full-scale simulator will be 
necessary to establish the full feasi- 
bility of the overall concept of null- 
gravity simulation. 

Prior to embarking on a series 
of investigations, a set of stringent 
feasibility studies should be carried 
out to test the degree to which the 
simulator can produce satisfactory 
long term weightlessness conditions. 
If the simulator performs as ex- 
pected, it should be the forerunner 
of many such installations. As the 
human centrifuge has affected the 
study of hypergravity states, the 
null-gravity simulator may make 
possible detailed earthbound study 
of the prolonged sub-gravity condi- 
tion. ° 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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oe setting the pace in space for years ahead 


Lockheed Missiles and Space Division’s progress transcends even that of 

an era marked by phenomenal scientific growth. To an important degree, the 
Division’s research and development activities are considered to be the 

basis of its success. 


As systems manager for the Navy POLARIS Missile and the Air Force 
AGENA Satellite in the DISCOVERER and MIDAS programs, the 

Division is engaged in extensive research in many diverse engineering and 
scientific fields. Some highlights of current research and development activities 
include: Operations research and preliminary design; nuclear and space 
physics; physical electronics; chemistry; materials; mathematics; engineering 
mechanics; electronic communications and instrumentation; and 

computer research and development. 


Research is a concept which holds many different meanings to those concerned 
with science and technology. At Lockheed, a distinction is made between 

the nature of the work and its objectives. Consequently, such terms as basic 
research, applied research, systems or operations analysis, engineering 

and development are used. A given individual might find that his personal 
inclination often leads him quite naturally from one type of research to 
another. Recognition of this desire is reflected in the scope of work conducted 
in the Research Branch at Lockheed Missiles and Space Division. Principal 
research activities are: Pure and applied research; advanced design; engineering 
analysis; electronic prototype development; and machine computation. 


Organization is determined by the technical field rather than by the type of 
research, For example, a structural dynamicist, as a member of the 
tructures Department, may, on one occasion, work on future space vehicle 
configurations, at another time be associated with current projects such as 
the POLARIS or Satellite programs, or he may be engaged in basic research 
at the research laboratory. In each case, the individual has the opportunity 
to maintain as much or as little contact as he wishes with others in 
his field of interest. 


Important staff positions at Lockheed’s Research and Development Branch 

in Palo Alto are available. Those scientists and engineers with experience related 
to the above areas are invited to write to: Research and Development Staff, 

Dept. M-25A, 962 West El Camino Real, Sunnyvale, California. U.S. citizenship 
or existing Department of Defense industrial security clearance is required. 

All qualified applicants will receive consideration for employment without 

regard to race, creed, color or national origin. 


MISSILES AND SPACE DIVISION 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 


CAPE CANAVERAL, FLORIDA « HAWATI 


; pe ee ‘ i |: Se eae eee : _ eM wa | ace ee Oem: SRM Cr nS ee eer SSATP 0, ee ee ee ae ee a F 
3; arp oe Cah Sea ae i: ae eee. ee ‘ Soae re be pee a Pee ae ‘ eos ae re; hus ede a eae Apa a oe “ie eg 
7 SaaS poe): aaa. * seeds daveb Sen, oe [Ae ae es er atl 

merges =a Maes ASANTE MCS <a ore RTE ae eee Booher. ane? BA pig yee. me ee saat 
om ‘ogee Me r a © operat 8 TS aa a ne = Bane ee ae cis aa 
* Ea nae ar : si SMe: Miiaier hee ein A Nea oon Rea an eh i ne 
: I ; ; a . » Ceanmenage eh Wey eee et: a ae pian tae ey Sabah oh Seer ne i ages 
i ; ers ‘jee : A Saree a DG das, ee | a od Dre ce Mer PS) (Seam Cre 2. an 7 deed Peli Ue, aes ee 
se rt 
; Boeeea! 
A woe 
, ore 

‘ { mabe 
Hf i Phe 

ae aS 

' : blot 
+ t ae 
af : fen 

Ae 
1 rae 
: es. 

Eee 

! aes 
By 

Fa ee f oar 
- , ta 

2) cir eh 
ee ess 
: : sa yr 

i - ~ . ~ “ ‘ - . ‘ ; . : es 

# iy A ” " a ot 4 : di ll = Sore 
‘ Tes 

Le ee 
ai. - . : pat 
oe ake 

PP ake j ee 
Are pee 
a ee sip 
‘i aa 
-_” | : bales 
Z } eve 
BEE t { ee 
: . — eee a 
2? : Su i ate 
OE Ser el TY Re ‘ eae 
ue 4 Sp cei ic : Ps 4 ee 
fine — fs ae “er : oie 
| iach Pg +s alegre « Sad ‘ “an ie 
ole, Eee ees Be eee i pe see a 7 ee 
eee Pe eS ang eB 2 oe PS 4 ao 
a tame yi ij e ier] kat ™ : Lact 
Te. oe A a Nee ee a / : : irra 
ak d sheer 0 eae se B i es 
ay 4 Satie ete glee 7 | a pi 
oh : eae J a a ; Bet 
ae Meee ee ee ae 
ee fae eee . 4 pe 
r . ages eee 4 ‘ Bee 
ies ea) ie 
Bl Baars 24 Ne % ei 
i ar oe ea Esha. i es 
a a 2 pars a tae 
Le mies ie me ; a . agp Belk 
s eB is oo - 7" ? ae 
; P Pegs 2 Wn, 4 es 

cia fee a , ‘e 

i . f h | > a ; cm 

zs % gen oS: 3 | 5 a ; a an | a 4 + ee 

i ‘ o * 7 * — a 
ed, Seett ; Ca A : ae 
ho S ee | = : Se 
ee ata ce | ’ y J ae 
poy ¢ S| J q ‘ s q der 
5 ens 2" a a apowgeie 4 ai 
ne —— oe Oe : r 4 Be 

i ap. RS Et aes i >  . 4 ite 
vr Pend cy | — re. _ a f te) 
2 sa ; - e | Bes 

Lone si f j <a ~< Es 

Sr cat as pe & Sonal : Et Ra 
WG Wipclier, 3: 5 ; : q Gs a AOR ue 
a fey te ar aime § ; Fy Se ay) ae 
A A “ : : : , 3 , yi si aR gt ee i _ 

E: ayieee a . 7 an he a pate 

j aes ask 3 ae a>, eta ee ile 

: Z Ss eI ct) Gs 2S = 

ee aps 4 : SoS Saas 1 

G F , , 4. ees i = 

4 a en fy Sr : i aaa 
ji Sate ate 3 ; : pies 3 

Saks ci ; ¢ j £ a 

Ayrrtas. a ' ; ae 

aie ie p WEE oes Se cae) Ne rae on. ; i ot 
= yf * mt oc q g fe: 

sh ae = ae a 

* od + g oe “SER G Bley | : Piles ores ES tN fe 
a a et 
a - = ; Pe + fi 

aE SACe 
he tee 
i Me A pee 

ee i SS 
ob ae ; es 

tes bec 5 
be ie os a be 

: : oe, 

| at ee. 
i oY : ‘ings 
eee. ee 
tee o4 
oe Paes} 

iq. us ” ee 
iE bae Ca ees 
epee | pate 
ae : Sea 
as 4 PES 

oe ei 
am ££ ‘ a “ Ba ae Ce 
HEY: ; - 7 fies 
“Rae b § i ‘ a 

2 Re. = aie 
le ‘a; 

a eee " <p 

hes z 

Fe A eset oe 

oii er 

a F re: 

ive a 

i\ ak ad his re 
oo ae ee: ee ARE pede ek nr eA or ae oh cute ef eee % 
ae a ee elie De Smee ir i, a Stel Be 2 ae eet, 2 ee se m 


Costs soar—schedules lag 


by Philip Geddes 
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The enormity of Atlas and 
Titan silo construction is over- 
whelming. Missile site activation is 
beyond a doubt the biggest con- 
struction job ever undertaken in the 
history of the U. S. In view of the 
urgency involved, and the concept 
of concurrency, management prob- 
lems were inevitable. They came 
early and they kept getting bigger 
as time went on. The pressures built 
up to the point where a_ blowoft 
came before a congressional sub- 
committee. 

“Top Level Failure”’—Congress 
too had its moments of pressure. 
Before the evidence had even been 
presented, the chairman of the Sub- 
committee on Military Construction 
said, “. All too long this pro- 
gram has been characterized by 
failure of top level management to 
exercise proper control of a com- 
plex construction program .. . and 
... This essential program has also 


been marked by an instability of . 


design, as attested to be numerous 
and costly change orders unheralded 
to my knowledge in any construc- 


tion program. This all adds up to a 
sloppy job which is costing a great 
deal more than expected and is ap- 
parently destroying any realistic 
pricings in the coming Minuteman 
program.” 

The harsh words in this “pre- 
judgment” did nothing to solve the 
problems the Committee was to 
hear about. The contractors’ 
charges against the government are 
extensive and bitter. 

The basis for general complaint 
seems to be that the contracts do 
not allow for costs involved over 
the fixed price bid. This can be 
best illustrated by hearing what the 
contractors themselves have to say. 
CONTRACTORS STATE THEIR CASE 

Mr. Henry C. Boschen, presi- 
dent, Raymond International, Inc., 
as sponsor in a joint venture with 
three other large companies on 12 
Atlas F sites around Plattsburg 
AFB, N. Y., testified: “We believe 
that the Air Force, the Army Engi- 
neers who are our clients on this 
project, and ourselves have been un- 
intentionally trapped in a circum- 
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stance that neither of us, nor none of 
us, have any power to control. The 
exotic character of the work that is 
being done on an experimental basis 
under military and wartime condi- 
tions of urgency have removed all 
of the concepts that surround the 
construction contract . . . we have 
found that these holes in the ground 
have virtually become a bottomless 
pit and our funds are being poured 
into them seemingly without end. 
... These general statements were 
supported by specifics: 

@ Progress schedule difficulties 
outside of the contract provisions 
forced the contractor to use men 
and equipment inefficiently to meet 
deadlines. 

@ Premium time payment went 
to men working seven day weeks 
in which productivity allegedly 
dropped 30-50 per cent. 

@ Sub-surface conditions (un- 
expected water, rock, quicksands. 
etc.) handicapped excavations be- 
cause conditions were entirely dif- 
ferent to those “contemplated in the 
contract.” 
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® Modifications to the contract 
drawings. Two hundred seventy- 
four of the original 502 contract 
drawings were revised. 

@ Joint occupancy of one site 
by several contractors. 

Contract Deviations—Raymond 
International Inc. feels that in view 
of these difficulties, outside of the 
provisions of the original contract, 
the only way to save the contractor 
from carrying a huge financial loss 
(estimated at 100 per cent over the 
original $24 million bid) is to 
change to a cost reimbursable con- 
tract. 

Contract Administration for the 
Morrison Knudsen Co., working 
with two joint venture groups on 
Titan I complexes at Lowry, Colo- 
rado, and an Atlas F complex at 
Altus AFB, Oklahoma, claims con- 
tract procedure was hammered as 
follows: 

“We had every reason to be- 
lieve . . . that the standard Gov- 
ernment contract with its history of 
operations and procedures would 
function on this ballistic missile pro- 
gram as it always had on other 
Corps of Engineer projects. Patent- 
ly this is not the case.” 

The examples of contract devi- 
ation from the accepted were 
summed up in three parts: 

“First, the relationship between 
the contractor and the contracting 
officer, developed through the years, 
no longer exists. 

“Secondly, the construction 
agency is now being directed in its 
actions by the using agency to a 
degree never before known and cer- 
tainly never contemplated by us 
when we entered into these con- 
tracts. 

“Thirdly, the concept of equi- 
table and reasonable adjustments in 
contract costs, contract time, and 
schedules is and has been complete- 
ly ignored. 

“As a result of these changes 
in contract procedure, the Govern- 
ment’s estimates of the costs of per- 
forming modification work are com- 
pletely unrealistic—as is its refusal 
to recognize changed conditions.” 
The latter statement seems justified 
by the facts in Table I. 
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Missile Site Preliminary 
an A. . 
Modification Estimate 
Forbes, mod No.12....... $60 ,0CO 
Lowry |, mod No.1....... 51,011 
Lowry I, mod No. 29... ... 60,000 
Offutt, mod No.10........ None 
Schilling, mod No. 84..... None 
Walker, mod No. 11....... 333,960 
Warren III, mod No.9.... 81,000 
Lowry II, mod No. 2...... 252,000 


Forbes, .mod No. 94....... None 
Beale, mod No.2......... —11,314 


Preliminary 
Corps of 
Engineers Contractors Final 
Estimate Proposal Settlement 
$200 ,000 $1,782,312 $1,203 ,335 
500,00 7,803,263 4,937,373 
60,000 1,059,405 1,059,405 
300,000 1,432,593 750 ,000 
235,000 1,572,665 Pending 
335,400 3,489,787 Pending 
127,123 492,079 233 ,968 
252,000 2,605,687 Pending 
375,000 2,245,358 Pending 
69,298 145,954 87,700 


Changes Upon Changes — Of 
nine Atlas E sites at Lincoln AFB, 
Nebraska, Mr. Garland Everist, 
president of Western Contracting 
Corporation, said, “. . . I would 
like to point out the basic dif- 
ference between the Titan and Atlas 
bases. . . . Titan bases have three 
general areas of construction with 
a period of 2 years to construct, and 
the Atlas bases have 12 different 
areas of construction with essential- 
ly 13 months to construct—13 to 
15 months—so there is in compari- 
son a compression of time and re- 
sults from any changes that occur 
are magnified. 

“Modifications to date have af- 
fected 312 pages of the original 476 
pages of specifications, and 1214 
new drawings have been issued as 
compared to the original 355 draw- 
ings. 

“Modifications have affected 68 
per cent of the structural steelwork 
and increased by 55 per cent the 
number of field bolts. 

“Modifications have increased 
the weight of the silo crib steel by 
36 per cent and the number of spe- 
cial connections per site have in- 
creased from 184 to 1506. 

“Modifications have affected 77 
per cent of the mechanical piping 
work, with the utility piping system 
having been modified six times. One 
critical piece of manufactured elec- 
trical control equipment has been 
modified eight times, the latest be- 
ing only three weeks prior to con- 
tract installation date. The list is 
almost endless. . . .” Mr. Everist’s 
company is losing money, he pro- 
jects a $12 million loss at Lincoln. 

Not All Bad—But not all the 


TABLE I—COST OF CHANGES AT TITAN AND ATLAS SITES 


silo contractors slam Uncle Sam. 
Thomas H. Paul, V. P. of Peter 
Kiewit Sons’ Company, low bidder 
on the Titan site at Beale, Calif., 
made these observations about his 
position and that of his subcontrac- 
tors. He qualified his remarks by 
the fact that Titan I work suffered 
only about half the “changed condi- 
tions” of the Atlas F work. “The 
earthwork, silo excavation, concrete 
and steel work are just ordinary 
construction work familiar to our 
company and our employees, and to 
the Corps of Engineers personnel 
with whom we deal. There is no 
question about their competency in 
this type of work. We enjoyed a 
fine relationship with the Corps of 
Engineers personnel and the Air 
Force people with whom we came 
in contact.” 


THE AIR FORCE CASE 


Having heard industry’s side of 
the story it is only fair to hear the 
Air Force rebuttal. A high ranking 
Air Force officer close to the proj- 
ect says the Congressional Subcom- 
mittee failed to allow the Air Force 
to present a full case and that “some 
light would have been shed if the 
contracting officer had been allowed 
to question some of the contractors 
present.” 

He emphasized that the opinions 
presented were the worst side of the 
story from several contractors not 
necessarily representative of the 
whole site activation program. 

“Why are they complaining? 
Money is the answer . . . although 
we cannot tell for sure what they 
mean by financial loss. Are they 
losing money or estimated profits?” 
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MUDDLED MANAGEMENT . . . continued 


Air Force, contractors, and architects tell why 
hard-sites cost so much and take so long to build 


He adds the problems of “poor 
management” on the contractor’s 
part received little attention in the 
hearings. Some jobs were constant- 
ly in trouble, defective work had to 
be removed. At some sites the acci- 
dent rate was unusually high and 
was proportional to the poor man- 
agement. 

Air Force Surprised—Some of 
this has been touched on by the 
Under Secretary of the Air Force, 
Dr. Joseph V. Charyk, in a letter to 
the chairman of the hearings. 
“. . . We were surprised that not a 
single contractor accepted our offer 
to discuss his problems, as I sug- 
gested in the conclusion of my 
presentation to your committee.” 

Flagrant Misrepresentations — 
“I would like to take just a moment 
of your time to give you a few 
specific examples of what we con- 
sider a flagrant misrepresentation 
of facts by contractors before your 
committee, to illustrate what we 
have in mind: 

(A) One contractor made the 
statement that his primary diffi- 
culties were due to changed site 
conditions and to the volume of 
change orders. We recognize, as we 
have repeatedly stated, the problem 
of change orders. However, we 
feel there were many more impor- 
tant reasons for this contractor’s 
problems. The contract was let in 
early June 1960, in order that they 
could have full advantage of the 
construction season. Government 
representatives, Air Force and 
Corps of Engineers, who visited the 
site repeatedly called to the con- 
tractor’s attention the fact that he 
was behind schedule and that, based 
on our experience with other 
squadrons, unless he made a great- 
er effort he would have trouble. We 
have incorporated in the contracts 
certain milestones for each launch- 
er which the contractor must meet. 
At our last report, this contractor 
had met his contractual schedule on 
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only 2 of 15 milestones. The Corps 
of Engineers’ efforts to make the 
contractor meet his construction 
schedules contained in contractual 
documents was called expediting 
and is primarily the basis for his 
claim. 

(B) Another contractor made a 
presentation of his problems with- 
out once mentioning the fact that 
the Corps of Engineers has called 
to his attention repeatedly his fail- 
ures to perform both as construc- 
tion contractors and as fabricators 
furnishing equipment. One division 
of this firm manufactured equip- 
ment which is being installed by an- 
other division under separate con- 
tract. The delay in delivering this 
equipment on schedule was used as 
a basis by the contracting division 
of the firm as reasons for claims. . . . 

(C) Another contractor did not 
have adequate equipment either 
from the standpoint of quality or 
quantity to get the job done. This 
poor management was called to the 
attention of the contractor very 
early, and he failed to take remedial 
action. He also claimed changed 
conditions, as represented by the 
soil-borings, ard, in this case, the 
Air Force engaged consultants to 
evaluate his claims since they were 
based upon the design and the Army 
engaged a different group of con- 
sultants to evaluate the claim. In 
both cases, it was found that the 
specifications were adequate. How- 
ever, the contractor still maintains 
he has a legitimate claim of many 
millions of dollars for those rea- 
sons.” 

Poor Bid Estimates—As an ex- 
ample of poor bidding, an Air 
Force officer says, “Many firms did 
not analyze the job properly. On the 
Titan II at Davis-Monthan the low 
bid was $27.8 million. The next 
Titan II contract was McConnell 
for $30.8 million and the third 
Titan II was Little Rock for $28.7 
million. The contractor winning the 


third job had bid the Davis- 
Monthan job for $38 million, nearly 
$10 million higher than the winning 
bid. Doesn’t it follow that the con- 
tractor cut that amount off his 
third bid just to get the job? The 
time difference between the con- 
tracts was only four weeks. What 
could he have learned other than 
that if he did not change his bid 
he would not get the job?” 

Changes Normal?—On changes, 
the Air Force claims, “There are 
no significant changes to the silo 
design. The original overall plans 
and present, differ little. However, 
there have been many small changes 
which harassed the contractor. At 
Lincoln AFB (Atlas E) there have 
been 1.4 drawing revisions per orig- 
inal construction drawing. For com- 
parison the Bechtel Corp. submitted 
some figures on changes considered 
normal on industrial construction 
projects. A complex plant with a 
29 month completion schedule and 
target cost of $45.5 million was ac- 
tually completed in 27 months. Cost 
savings on this project amounted 
to 6.6 per cent of the target. During 
construction, 2920 drawing revi- 
sions were issued for a factor of 3.2 
changes per original drawing. 

“On the part of some contrac- 
tors there was a basic lack or rec- 
ognition that they were building an 
integral part of a weapon system 
and not a runway or a hanger. The 
alignment of the steel reinforcing 
crib in the silo could not be too 
much out of line, or the silo lift 
would not operate. Anchor bolts 
could not be more than the speci- 
fied percentage out of line. Toler- 
ance was not so strict that it could 
not be held, but, it was tighter than 
the majority of contractors had ex- 
perienced before. The results in 
some cases speak for themselves 
(See Table II). 

Sloppy Work—‘There is other 
evidence of poor work. At the Lin- 
coln site for example, the entry 
vestibule to the launch control site 
settled and has to be rebuilt com- 
pletely. At another site the top 40 
feet of the silo has to be ripped out 
and rebuilt because poor con- 
crete pouring resulted in honey- 
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comb voids. These jobs were de- 
signed by outstanding companies of 
architects and engineers chosen by 
an Air Force/Army board. You 
may think that the claims are aris- 
ing out of the initial set of com- 
plexes started but this is not true. 
Lincoln, Walker, and Plattsburg for 
example were not the first bases 
started. Being realistic I believe that 
many of the statements before the 
committee hearings were being 
made for the record to support fu- 
ture claims. There is something 
wrong other than the specs and 
drawings.” 

Czar Wont Help—When ques- 
tioned on the appointment of a mis- 
sile Czar to see over the complete 
missile activation program and 
changes in contracts for the future, 
Air Force said, “All the people who 
have a part to play being under one 
man is no great change. It is not 
factual that the contractors had to 
deal with many people for a deci- 
sion. There always has been a fun- 
nel, as in any administrative struc- 
ture, to the top. Many contractors 
not making money would like to 
see the contracts changed from 
fixed price to cost plus but the con- 
gressional committee is still recom- 
mending a fixed price advertised 
bid despite the contractors’ pleas. 
In the Minuteman program we are 
sticking to a fixed price despite the 
exception made at the first base at 
Great Falls, Montana. At Great 
Falls there have been contractual 
difficulties. The Government esti- 
mate was in the low $50 million 
area, the lowest bid was $79 mil- 
lion, the high $98 million. The 
pricing differences in this case are 
due to the logistics for the con- 
tractors supporting effort caused by 
the area the base covers. The Gov- 
ernment relaxed schedules, made 
some changes with the result that 
the bids came down into the low 
$60 million. At Great Falls we have 
a contract arrangement perfectly 
acceptable to the Air Force but 
not to the Congress. It is a fixed 
price incentive contract. As target 
price goes up in the course of con- 
struction, the contractor begins to 
lose profit. By the time the ceil- 
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TABLE I1—OUT-OF-TOLERANCE 
AND FROZEN IN CONCRETE 


Number of Number 
Imbedded | Located 
Items out of 

Complex | Discussed Tolerance 
D 249 113 
E 249 122 
F 249 172 
G 249 207 
H 249 92 
I 249 139 
Total 1494 Total 845 


ing is reached there is no profit left. 
As he goes below target price he 
gets more profit up to a fixed limit. 
Contractors books will be audited. 
This type contract has some of the 
benefits of a cost reimbursable ar- 
rangement but there is a limit. At 
Vandenburg we have cost plus fixed 
fee contracts on both the Titan II 
and Atlas F launch test facilities. 
These are the only exceptions to the 
fixed fee relationship.” 


ARCHITECT AND ENGINEER 
VIEWS 


The Air Force and the contrac- 
tors have stated their cases. There 
is another party involved in this 
fiasco—the architect. A _ principal 
in a leading company of Architect 
Engineers responsible for much of 
the design work in several site pro- 
grams has this to say: 

No Precedents—“The first thing 
to establish is the enormity of the 
job. The Hoover Dam cost $46 mil- 
lion and took six years to build. 
The two Titan squadrons being ac- 
tivated at Lowry are twice as big 
as the Hoover Dam. No one had 
ever designed for nuclear blast be- 
fore. All equipment had to be shock 
mounted. We find that there were 
no criteria other than Navy experi- 
ence with electronic gear on ships. 
When the site activation program 
started, even the size of the Atlas 
and Titan were not firm. The as- 
sociated contractors to the weapons 
system manager, such as Rocket- 
dyne and American Machine and 
Foundry had equipment not even 


designed, which would have to fit ° 


into the silos. As a result of this, 
there were inevitable changes. Here 
my sympathy is towards the con- 
tractors. 


The complaints of the contrac- 
tors were right to a large extent but 
they did not understand the job to 
be done. There were some contrac- 
tors who were not qualified to do 
the job.” 

Old System—On the adminis- 
tration of the silo program the 
architectural firm Aircraft and Mis- 
siles consulted said: “Historically 
the Corps of Engineers has been 
a design and construction agency. 
Most installations in their experi- 
ence have been the somewhat crude 
industrial type and they do not have 
the capability to do advanced work. 
Air Force and Army installations 
in the past have been designed and 
constructed by the Corps, often with 
civil Architect and Engineer help. 
In the case of the ICBM’s, the Air 
Force hired their own Architect 
and Engineers and undertook de- 
sign of the sites. It was the re- 
sponsibility of the Corps of Engi- 
neers, however, to sign off on the 
constructability of the designs. 
Then the administrative system took 
these plans and the funds provided 
and turned them over to the Corps 
of Engineers who were supposed to 
see that the work was done as ex- 
pected. It is not surprising that the 
system did not work.” 

New System—‘This dual sys- 
tem has been replaced by a single 
integrated team of both Corps of 
Engineers and Air Force personnel. 
The old system simply wouldn’t 
work for the highly technical pro- 
gram on a rush basis. 

“The Corps of Engineers is 
handicapped by many laws and 
regulations composed by Congress 
over the years. They may have 
been very good in the past but are 
not set up for a program of this 
type with so many unavoidable 
changes, rush, and high cost. Some- 
thing like the Manhattan project 
could never have been achieved if 
the existing rules and regulations 
had been applied.” 

* 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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with Norden’s Series 100 Modumatic Position Display System 


American Hoist’s costly, complex weldment structures 
must be precision bored along both sides of their 
16-foot length. Equipping their 7” Gray Boring Mill 
with two of Norden’s Series 100 Modumatic Display 
Systems has saved substantial machine time and in- 
creased product precision. The readout is provided in 
six large illuminated digits that enable the operator to 
accomplish the key task of positioning the tool con- 
fidently, smoothly . . . without scale reading and gaging. 


In applying the Norden Series 100 to the manufacture 
of these large 52-hole weldments, American Hoist & 
Derrick Company of St. Paul, Minnesota reports: 


e Savings of $2,000 in gage costs. 
e Accuracy to +.001” along both axes. 


e Savings in operator labor of over 5 minutes per hole 
location over standard machine scales. 


For other case histories and literature on the Norden 
Modumatic Display System described here, or on the 
Norden Modumatic Analog and Digital Positioning Systems, 
contact Norden at 400 Main Street, East Hartford, Conn., 
JAckson 8-4811; 11 West Monument Ave., Dayton 2, Ohio, 
BAldwin 8-4481; 206 West State St., Rockford, Illinois, 
WOodland 5-1891—or write. 


*NORDEN division of UNITED AIRCRAFT CORPORATION 


36 Circle 17 on Inquiry Card 


DATA SYSTEMS DEPARTMENT 
3501 HARBOR SOULEVARD, COSTA MESA, CALIFORNIA 
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Aerospace Ground 


Directory 


Air Force’s new label “Aerospace Ground Equipment 
(AGE)” designates items formerly tagged as Ground 
Support Equipment (GSE). AGE now includes all equip- 
ment used either for operating or maintaining any aero- 
space item. This directory presents the functional classifi- 
cations of equipment categories, and major manufacturers 


TESTING, MEASURING, & ADJUSTING EQUIP. 


AC SPARK PLUG» GMC 

AC SPARK PLUG» GMC 

AC SPARK PLUGs GMC 

AC SPARK PLUG» GMC 

AC SPARK PLUGs GMC 

ADMIRAL CORP, 

AEROMOTIVE CORP 

ATRESEARCH 

ATRESEARCH 

AIRTRONICS INTERNATIONAL CORP 
ALLEN Be CARDWELL CO 

ANTON DEVICES 

ARMOUR RESEARCH FOUNDATION 
AVTROM MANUFACTURING INC 

B&H INSTRUMENT CO 

BEECH AIRCRAFT CORP 

RENDIX CORP 

BENDIX PRODUCTS DIVs BENDIX CORP 
BERNARD RICE AND SONS 

BIRD ELECTRONIC CORP 

BOGUE ELECTRIC CO 

BOONTON CORP 

BOONTON RADIO CORP 

BOONTON RADIO CORP 

BOONTON RADIO CORP 

BREEZE CORP 

BROWN INSTR DIVs MINNs HONEYWELL 
BRUNO INDUSTRIES 

BRUNO-NEW YORK INDUSTRIES CORP 
BRUNO-NEW YORK INDUSTRIES CORP 
BRUNO-NEW YORK INDUSTRIES CORP 
BRUSH ELECTRONICS CO 

BRUSH ELECTRONICS co 
BURROUGHS CORP, MECD 

PYPON JACKSON CO 

CENTRAL RESEARCH LABORATORIES 
COLLINS RADIO CO ° 
COMML RES DIVs Ge Le NANKERVIS CO 
CONSOLIDATED ELECTRODYNAMICS CORP 
CONTROL ELECTRONICS 
CONVAIR-ASTRONAUTICS 

CONVATIR» GENERAL SYNAMICS 
CONVAIR» GENFRAL DYNAMICS 
DIT=-MCOs INC 

DOUGLAS AIRCRAFT CO 

DOUGLAS AIRCRAFT CO 

DOUGLAS AIRCRAFT CO 

DOUGLAS AIRCRAFT CO 

DOUGLAS AIRCRAFT CO 

OUBROW DEVELOPMENT CO 

DUMONT 

EBERLINE INSTRUMENT CO 

ECLIPSE PIONEER», BENDIX CORP 
ECLIPSE-PIONEERs BENDIX CORP 
ECLIPSE-PIONEER» BENDIX CORP 
ECLIPSE-PIONEER»s BENDIX CORP 
ECLIPSE-PIONEER, BENDIX CORP 
ECLIPSE-PIONEERs BENDIX CORP 
ECLIPSE-PIONEER, RENDIX CORP 
ECLIPSE-PIONEER, BENDIX CORP 
ECLIPSE-PIONEER, BENDIX CORP 
ECLIPSE-PIONEER, RENDIX CORP 
ECLIPSE PIONEER, BENDIX CORP 
ELK ELECTRONIC LABORATORIES 
EMERSON RADIO & PHONOGRAPH CORP 
ENGINEERING SPECIALTIES CO 
ESPEY MANUFACTURING CO 
FARNSWORTH ELECTRONICS COs 
FEDERAL MFG & ENG CORP 

FEDERAL MFG & ENG CORP 

FEDERAL TELEVISION 

FEDERAL TELEPHONE AND RANIO CO 
FORD INSTRUMENT CO 

GENERAL ELECTRIC CO 

GENERAL ELECTRIC CO 

GENERAL ELECTRIC CO 

GENERAL ELECTRIC CO 

GENERAL ELECTRIC CO 

GENERAL ELECTRIC CO 

GENERAL ELECTRIC CO 

GENERAL ELECTRIC CO 

GENERAL ELECTRIC CO 

GENERAL ELECTRIC CO 

GENERAL ELECTRIC CO 

GENERAL METERS INC 

GENERAL PRECISION LAB 

GENERAL PRECISION LAB 

GENERAL RADIO CO» 

GENERAL RADIO CO 

GENERAL RADIO CO 

GENERAL RADIO CO 

GENERAL TIRE AND RUBBER CO 
GERTSCH PRODUCTS INC 

GERTSCH PRODUCTS INC 

GERTSCH PRODUCTS INC 

GISHOLT MACHINE CO 

GRAY INSTRUMENT CO 

GUARDITE DIVs AMER MARIETTA CO 
HAMILTON STANDARDs UNITED AIRCRAFT 
HASS INSTRUMENT CORP 


TEST SET» AMPLIFIER 

TEST SET COMPUTER 

TEST SET» ELECTRICAL CABLE 
TEST SET» POWER SUPPLY 

TEST SET MOTOR GENERATOR 
RADIAC SET 

ECHO BOX 

DYNAMOMETER 
DYNAMOMETER-MOTOR TEST 
MULTIMETER 

TEST SETs RADIO 

ELECTRONIC MULTIMETER 
SIGNAL GENERATOR 

OC SYSTEMS TESTER 

TESTER» EXHAUST GAS TEMP CIRCUIT 
TEST SET» ELECTRICAL POWER 
TEST SET RADIO 

ELECTRONIC CONTROL TEST SET 
TEST LOAD, RF 


WATTMETER 
GENERATOR TEST SET 
METER . 
GENERATOR» SIGNAL 
Q-METER 


SIGNAL GENERATOR 

STARTER TESTER 

DUAL RANGEs POT PYROMETER 
TEST SET» RADAR FREQ POWER 
GENERATOR» STGNAL 

OHMMETER 

MULTIMETER 

OSCILLOGRAPH 

MAGNECTIC OSCILLOGRAPH 
GENERATOR» SIGNAL 

GENERATOR SIGNAL 

STANDING WAVEMETER 

MODULATOR 

STANDs ELECTRIC FLOWMETER CALIBR 
VELOCITY PICKUP 

PHASE MONTTOR 

TEST SETse CABLE AND IMPEDANCE 
TEST UNITs AIR TURBINE MOTOR 
TEST SET-AUTOMATIC PILOT 

TEST SET» ELECTRICAL CABLE 
TESTER» GYROSCOPE 

STANDs TESTs MOTOR GENERATOR 
TEST» SET» METER RELAYs 

STAND TEST» FLUID TRANSFER SYS 
TEST SET» COMPUTER 

VIBRATION METER 

OSCILLOSCOPE 

RADIAC SET 

TEST SET» SYNCHRO P 
TEST-AMPLIFIER-COMPUTERs FLIGHT 
TEST STAND-POWER CONT LINK 
TEST SET-FLIGHT CONTROL 

TEST SETs INSULATION BREAKDOWN 
MAGNETOMETER 

BALL BEARING TORQUE TESTER 
CONTROL 

LOW MOTOR DYNAMOMETER 
DYNAMOMETER 

LOW INERTIA MOTOR DYNAMOMETER 
ANALYZER» ELECTRICAL PULSE 
TEST SET» RECORDER 

TEST SETs RADIO 

RADAR 

CALIBRATOR SET» RANGE 
FREQUENCY METER 

GENERATOR SIGNAL 

CALIBRATOR RANGE INDICATOR 
TEST SET» RADIO 

TEST SET» COMPUTER 

AUTO PARALLEL SYSTEMS TESTER 
TESTER» THRUST SELECTOR 
CAMERA, BORESIGHT 

BENCH» RATE STIMULATOR 
MAINTENANCE BENCHs GUIDANCE 
BENCHs TRANSMITTER 

BENCH» TRACK RECEIVER 
MAINTENANCE BENCHs RECEIVER DATA 
BENCHs SERVO MAINTENANCE 
AMMETER 

MEASURING SET» Fe Me 

TEST SET-INSULATION BREAKOOWN 
COMPUTER TEST SET 

SIGNAL GENERATOR 

GENERATOR» SIGNAL 

TESTER, FUEL QUANTITY GAGE 
RESISTOR DECADE 

STROBOSCOPE 

PORTABLE ANALYZER 

CALIBRATOR» FREQUENCY 
TRANSFORMERs POWER, ISOLATION 
TRANSFORMER» STANDARD RATIO 
OYNETRIC BALANCING MACHINE 
TESTER» ELECTRIC THERMOMETER 
ALTITUDE & TEMP INSTR TESTR 
TEST SET - TEMP.» AIR COND 
MERCURIAL ALTITUDE TEST BAROMETE 
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Equipment 


of AGE in alphabetical sequence under each category. 
The directory gives sources where stock items may be 
procured; it tells where component manufacturers may 
seek business opportunities. This listing is based on the 
Air Force Technical Information File of AGE, MIL- 


HDBK-300 (USAF). 


HAZELTINE ELECTRONICS CORP 
HEWLETT-PACKARD CO 
HEWLETT-PACKARD CO 
HEWLETT PACKARD CO 
HICKOK ELECTRICAL INSTRUMENT CO 
HICKOK ELECTRICAL INSTRUMENT CO 
HOFFMAN LARORATORIFS 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES ATRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HYCON MANUFACTURING CO 
INDUSTRIAL INSTRUMENTS 
INDUSTRIAL TNSTRUMENTS 


JETRONIC INDUSTRIES 
JETRONIC INDUSTRIES 
KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KEARFOTT CO 

KELEKET X-RAY CORP 
LAVOTE LABORATORIES 
LAVOTE LARORATORIES 
LAVOTFE LaRoRATORTIES 
LAVOIE LABORATORIES 
LAVOTE LABORATORIES 
LEAR INC 

LEAR INC 

LEEDS AND NORTHRUP 
LEWYT MANUFACTURING CORO 
LEWYT MANUFACTURING CORP 
LINK AVIATION 
MAGNAFLUX CORP 
MAGNAFLUX CORP 
MAGNAFLUX CORP 
MANSFIELD & GREEN 

MB MANUFACTURING CO 
MEASUREMENTS CORP 
MERCURY ELECTRONICS 
MERIAM INSTRUMENT CO 
MICRO BALANCING INC 
MINE SAFETY APPLIANCE CO 
MONUMENT ENGINEERING CO 
MUNSTON MFG & SERV CO 
NETWORK MFG CO 

NEW LONDON INSTRUMENT CO 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 


RADAR TEST SET 

SLOTTED LINEs WAVEGUIDE 
OSCILLATOR» INTERPOLATION 
GENERATOR » SIGNAL 

GENERATOR» SIGNAL 

TEST SET» ELECTRON TUBE 

METER FREQUENCY 

TEST SET» ROTOR & NUT DYN BALANCE 
TEST SET» STATIC BALANCE FRICTION 
TEST SET ROTOR DYNAMIC BALANCE 
TEST SET SHIMMETER 

TEST SET» TRANSMITTER AND UNIT 
TEST SET» CODER 

TEST SET FINAL 

TEST SERVO CHASSIS 

TEST SETs RECEIVER HEAD RESPONSE 
TEST SET VOLT REG CHASSIS 
STAND» MAINT. WSEM RECORDER 
TEST SETs SENSOR RESPONSITIVITY 
TEST SETs BEARING TORQUE 

TEST SETs DROP SHOCK 

TEST SETs UNIT LEAK RATE 

TEST SET» LEAK RATE 

TEST SETs VIBRATION 

TEST SETs CHASSIS ASSURANCE 
TEST SET MECHANICAL VIGRATION 
TEST SET CENTRIFUGAL ' 
CONSOLE ELECTRICAL TEST AND MAINT 
TEST SET» OSCILLATOR 

BRIDGEs SOLUTION CONDUCTIVITY 
OSCILLOSCOPE 

TEST SET-INSULATION BREAKDOWN 
OSCILLOSCOPE 

TEST SET»RADAR 

TEST PANEL» AMPLIFIER 

TEST PANEL» SINGLE AXIS GYRO 
TEST PANEL» NULL SET» S/A GYRO 
TEST PANEL» NULL & ALIGN PLTFM 
TEST PANEL» X 6 Y INTEGRATOR 
TEST PANEL» AMPLIF SERVO 

TEST PANEL» AMPLIF POWER SUPPLY 
TEST PANEL» AZIMUTH SERVO 

TEST PANEL» GROUND SPEED 

TEST PANEL» SERVO BACKLASH 

TEST PANEL» PITCH & ROLL SERVO 
TEST PANEL» VOLTAGE & FREQ COMP 
TEST PANEL» NULL SETTING 
REPEATER INDICATOR TEST PANEL 
DIFFERENTIAL OUTPUT TEST PANEL 
FIELD PORTABLE TESTER 

AMPLIFIER TEST PANEL 

PANEL TEST ELECTRICAL 

RADIAC SET 

TEST SETs WAVEMETER 

FREQUENCY METER 

ECHO BOX 

OSCILLOSCOPE 

GENERATOR» SIGNAL 

TEST SET» AMPLIFIER 

TEST SET» AUTOMATIC PILOT 
TESTER» PYROMETER & THERMOCOUPLE 
SIGNAL GFENFRATOR 

RADAR TEST SET 

TEST SET» FLIGHT SIMULATOR 
FLUORESCENT PENETRANT INSP EQUIP 
MAGNETIC PARTICLE INSTECT EQUIP 
FLUORESCENT PENETRANT 

HYDRAULIC PRESS GAGE 

PORTABLE VIBR PICK UP CALIBRATOR 
ANTENNA SHIELD 

DIVIDER» VOLTAGE 

AIRCRAFT INSTR TEST MANOMETER 
MICRO NAMIC DYNAMIC BALANCER 
INDICATOR» COMBUSTIBLE GAS 

TEST SETsSYNCHRO 

GENERATOR» SIGNAL 

DUMMY LOAD» ELECTRICAL 

R F SIGNAL GEWERATOR 

ELECTRONIC TIMING GROUP 
GENERATOR PULSE 

RACK AND HOUSING TEMP REGULATOR 
GUIDANCE INSTRUMENT GIMBLE 
CONTROLLER AND SERVO 

FLIGHT CONTROL GYROS 

MAGNETIC COMPASS SYSTEM 
COUPLER» ANALYZER EQUIPMENT 
GYROS AND AZIMUTH SIGNAL AMPLIF 
TEST SET GYRO» PLATFORM 

TEST SET» TAPE STARTER 

TEST SETs LATERAL COMPUTER 

TEST SET» FLT CONT COMP 

TEST SETs DC PWR SUPPLIES 

TEST SET» GUIDANCE 

SIMULATOR» FLIGHT MOTION 
TESTER» FLIGHT CONTROL 

CONSOLE» WARHEAD SYSTEM TEST 
DUPLICATOR TAPEs ARC COMPUTER 
CONSOLEs SWITCHING CONTROL 
CONSOLE» CONTROL» ENGINE START 
PLATFORM TORQUE OVERRIDE TESTER 
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AEROSPACE GROUND EQUIPMENT DIRECTORY (continued) 


NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORE 

NORTHROP coRP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

woeTHROP coRP 

NORTHROP CORP 

NORTHROP CORP 

Oe Es SZEKELY & ASSOC 
PACIFIC SCIENTIFIC CO 
PHAOSTRON CO 

PHAOSTRON CO 

PHILCO CORP 

POLARAD ELECTRONICS CORP 
POLARAD ELECTRONICS CORP 
POLYTECHNIC’ R & D CO 

RADIO FREQUENCY LABORATORIES 
RCA 

Rca 

Paw METER, TNC 

Raw METER INC 

RAYTHEON MANUFACTURING CO 
ROCKETDYNE» NAA 

ROCKFTDYNEs NAA 

ROLLER-SMITH 

SHALLCROSS MFG CO 

SHAW TELEVISION CORP 

SPERRY GYROSCOPE CO 

SPERRY GYROSCOPE CO 

STAMFORD ELECTRONICS CORP 
STODDART AIRCRAFT RADIO CO 
STROMBERG-CARL SON 

SUNDSTRAND MACHINE TOOL CO 
SUNDSTRAND AVIATION 

SWEENEY MANUFACTURING CO 
SYLVANIA PROOUCTS INC ESPEY 
TAPFET RADIO AND TELEVISION CO 
TEKTRONIX INC 

TEKTRONIXs INC 

TELECTRO INDUSTRIES CORP 
TELETRO INDUSTRIES CORP 
TELETRO INDUSTRIES CORP 
TENNEY ENGINEERING» TNC 

THE DAVEN CO 

THE NARDA MANUFACTURING CORP 
THE SPARKS WITHINGTON CO 

THE VENNDO CO 

Tel eGeELECTRIC CO 

TRACERLAB INC 

TRANSITRON INC 

UNTTED MANUFACTURING CO 
UNTTED MANUFACTURING CO 
UNITED MANUFACTURING CO 
UNITED MANUFACTURING CO 
UNITED MANUFACTURING CO 
UTILITY ELECTRONICS COR® 
VIBRATION SPECIALTY CO 
VICTOREEN 

WEITNSCHEL ENGINEERING CO 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC CO 
WESTINGHOUSE AIR BRAKE 
WESTINGHOUSE ELECTRIC CoRP 
WESTINGHOUSE ELECTRIC Core 
WESTINGHOUSE FLECTRIC CORP 
WESTINGHOUSE FLECTRIC cCoRP 
WESTINGHOUSE FLECTRIC CORP 
WESTINGHOUSE ELECTRIC Core 
WESTINGHOUSE FLECTRIC CorP 
WESTON INSTRUMENT CO 
WESTON ELECTRICAL INSTR CORP 
WESTON ELECTRICAL INSTR CORP 
WESTON ELECTRICAL INSTR CORP 
WINSLOW CO 

WAC ENGINEERING CO 


HOISTING, JACKING, LIFTING, & WEIGH. 


Al® LOGISTICS coRP 
BALOWIN-L IMA-HAMILTON 
BALOWIN-LIMA-HAMILTON 
BALOWIN-LIMA-HAMILTON 
BOEING AIRPLANE CO 
BOEING AIRPLANE CO 

COx & STEVENS ELEC SCALES» REVERE 
DENTSON ENGINEERING CO 
DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
GENERAL ELECTRIC CO 
GENERAL ELECTRIC CO 
GENERAL ELECTRIC CO 
GENERAL ELECTRIC CO 
HENRY SPEN AND CO INC 
LOCKHEEDs GEORGIA DIyv 
MEDICO INDUSTRIES INC 
NEAL MACH AND TOOL COs 
NORTHROP CORP 

NORTHROP coRP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NOR™HROP CORP 

REGENT JACK MFG CO 
SMITH NELSON CORP 
UNITED TRUCK AND EQUIPMENT CO 
WESTERN GEAR 


POWER GENERATING EQUIPMENT 
AC SPARK PLUG, GHC 


ACCESSORY CONTROLS & EQUIP CO 
AEROPRODUCTS=ALL ISON 
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TEST SETs AMPLIFIERS, RUDDER 
TEST SETs ACCEL & VEL SIG 

TEST SETs FLIGHT-CONTROL PLUG IN 
TEST SET» 0 C PWR SUPPLIES 
TEST SETs SIGNAL DET INTEGR AMPL 
TEST SET» RACK ALARM ASSEMBLY 
TEST SET TEMP REG HOUSING 
TABLE, CALTARATION 

PHOTOMETER SET 

STANDs AUTOCOLLIMATOR 

STANDs TWELVE~INCH MIRROR 
CONSOLE» POWER TRANSFER 

TEST SET» ELEVON AND POWER LEVER 
TEST SETs ELEVON AMPLIFIER 
TRAILER» FUEL SYS TEST FQUIP 
TEST KIT» BOOSTER EJECTION 
TEST SET» ACCELEROMETER TURRET 
ALIGNMENT DEVICE, OPTICAL TESTER 
TESTER OPTICAL INSTRUMENT 

LAP SET INSTRUMENT 

SUPPORT OPTICAL TESTER 
ALIGNMENT CHECKOUT 

MIRROR, AUTOCOLLIMATOR ALIGINING 
FIXTURE» ANGLE GENERATOR 
COLLIMATOR, TESESCOPE FOCUS 
TABLE» OPTICAL TESTER ALIGNMENT 
LIGHT STANDARD SFT, PHOTOMETER 
GENERATOR, SIGNAL 

CABLE TENSIOMETER 

RELAY TEST SET 

TEST SETs ELECTRICAL POWER 
FREQUENCY METER 

SPECTRUM ANALYZER 

SIGNAL GENERATOR 

SLOTTED LINE 

FREQUENCY METER 

TEST SET RADAR 

TEST SETs RADIO 

TESTER, INVERTER 

TESTER THERMAL SWITCH 
ELECTRICAL DUMMY LOAD 
RELAY ASSEMBLY 

TESTER, PNEUMATIC FLOW 

TEST SET» SYNCHRO 

CYRSTAL IMPEDANCE 

RELAY TEST SET 

CALIBRATOR SET» RANGE 

RADAR TEST SET 
PULSE GENERATOR SET 

TEST SET» RADIO 

TEST SETs RADIO 

STANDs TESTs CONST SPEED OR 
PORTABLE FREQUENCY REFERENCE 
TESTER, TORQUE WRENCH 
TEST SET, RaNA® 
RAHIO TE4r Set 
OSCILLOSCOPE 
GENERATOR » SIGNAL 
FIELD STRENGHT METER 

TESTER, INVERTER 
GENERATOR, SIGNAL 
ALTITUDE & TEMP INSTR TEST 
ELECTRONIC MULTIMETER 
INDICATOR, STANDING WAVE RATIO 
FREQUENCY METER 
DUMMY LOADs ELECTRICAL 
FLUX METER 
RADIAC SET 
GENERATOR SIGNAL 
STANDsTEST AIRCRAFT GENERATOR 
ATRCRAFT GENERATOR TESTER 
FIELD PORTABLE TACHOMETER TESTER 
PORTARLE LOAN PANE TESTER 
PORTABLE ELECTRIC GENERATOR 
RELAY TEST SET 
VIBRATION TEST STAND ASSEMBLY 
TEST SETs ELECTRON TUBE 
ATTENUATION CALIBRATOR 
RELAY TEST SET 
DUMMY LOAD, ELECTRICAL 
MOBILE TEST RACK 
TEST SETs CORRELATOR 

TEST SET GROUP, GENERATOR 
TEST-PRESSURE 

TEST SET-RECTIFIER ASSEMBLY 
TEST SET» PREHEAT» VOLTAGE REG 
TEST SETs CYCLINGs VOLT REG 
TEST SETs RELAY 

VOLTMETER 

AC VOLTMETER 

FOOT-CANOLE METER 
FOOT-CANDLE METER 

TEST SET sELECTRICAL POWER 
CABLE TENSIOMETER 


GEAR 


HOIST MONRAIL YOKE 

KITs AIRCRAFT WEIGHING 
COMPUTER=PLANNER 

SCALEs AIRCRAFT WEIGHING 

TRUCKs LIFTs WHEEL CHANGE 

DOLLY LIFT AIRCRAFT LANDING 
SCALE» AIRCRAFT WIEGYING 
MANIFOLD SET» HYNRAULTIC JACKING 
MOUNT» ERECTING LAUNCHINGs 
DOLLYs MAIN AND WOSE GEAR 
CARRIAGE» REENTRY VEHICLE 
CRADLE» RE-ENTRY NOSE 

CRADLE, RE ENTRY VEHICLE 
CARRIAGE RE-ENTRY MOSE 

HOISTING APPARATUS, BOMB 
TRATLERs LIFTs WHEEL REMOVAL 
JACKs HYDRAULIC, MAND 

JACK s MYDRAULTC+ HAND 

PLATFORM, AIR VEH GUIDANCE ACCESS 
BEAM, HOISTING MISSILE 

ADAPTERs LIFT EXTENSION 
ADAPTER» WING SUPPORT 

ADAPTER» ROCKET HOUSING 

BEAM» WING HOISTING 

JACK» HYDRAULIC.» HAND 

JACK s HYDRAULIC, HAND 

MANIFOLD SETs HYDRAULIC JACKING 
BAR PRY WHEELED 


GYRO HEATER POWER SUPPLY 
CART» BOTTLE HIGH PRESSURE AIR 
STANDs TEST» HYDRAULIC SYSTEM 


ATRESFAQCH MANIIFACTUR ING CO 
ALLIS CHALMERS MFG CO 

ALLIS CHALMERS MFG CO 

AMERICAN ELECTRONICS 

PEECH AIRCRAFT CORP, 

ROEING ATRPLANE CO 

ROGUE FLECTRIC 

CAPITOL ENGINE CO 

CATERPILLAR TRACTOR CO 

CHICAGO PNEUMATIC TOOL CO 
CONSOLIDATED DIESEL ELEC CORP 
CONVAIR 

CONVATR 

CONVATR=-ASTRONAUTICS 

DAVEY COMPRESSOR CO 

DETROIT DIESEL ENG PIV, GMC 
POUGL4AS ATRCRAFT CO 

NGL ac arerceatr cn 

NMOUGLAS AIRCRAFT CO 

DOUGLAS AIRCRAFT CO 

DOUGLAS AIRCRAFT CO 

DOUGLAS AIRCRAFT CO 

ELFC PROD CO» 

FLFECTRICAL MACHINERY CO 
FATORANES “MORSE & CO 

FAIRCHILD ENGINE AND AIRCFET CORD 
FEDERAL TELEPHONE & RADIO CORP 
FEDERAL TELEPHONE & RADTO CORP 
FEDERAL TELEPHONE & 8 ADTO CORP 
GREMCO INC. 

HEYER PRODUCTS CO 

HOL=-GAR MANUFACTURING CORP 
HOL=-GAR MANUFACTURING CORP 
IDEAL ELECTRIC & MFG COs 
INGERSOL-RAND CO 

INTERNATL FFERMONT MACHINERY CO 
INTERNATIONAL PUMP & MACH WORKS 
JOY MANUFACTURING CO 

KOHLER CO 

KURZ & ROOT 

LEACH ELECT COs 

LYCOMING DIVe AVCO MFG CORP 
MARATHON ELECTRIC MFG CORP 
MASTER VIBRATOR CO 

MUNSTON MFG & SERVICE INC 
NORTHROP CORP 

NODeTHROP CORP 

NONe@THRAP CORO 

NORTHROP CORP 

Oo Eo SZEKELY & ASSOCIATES 
POWER ECUIPMENT CO 

*APTO ELECTRIC CO 

REPUBLIC AVIATION CORP 
SORENSON & CO INC 

STEWART & STEVENSON SFRVICEs INC 
SUN ELECTRIC CORP 

THE HOBART BROTHERS CO 

THER ELECTRIC & MACHINE WORKS 
WOLVERINE DIESEL POWER CO 
WOLVERINE DIESEL POWER CO 
WORTHINGTON CORP 


TRAILER MOUNTED COMPRESSOR 
MOTOR GENERATOR 

GENERATOR SET 

MOTOR GENERATOR 

GENERATOR SET 

GAS TURBINE PNEUMATIC POWER SET 
MOTOR GENERATOR 

GENERATOR SET 

GENERATOR SET 

ATR COMPRESSOR 

GENERATOR SET 

MOTOR GENFRATOR 

CHARGER RATTERY 

PUMPING UNITs MYDRAULIC 
AIR COMPRESSOR 

GENERATOR SET 

SWITCHBOARD» POWER 

PUMPING UNTTs HYDRAULIC 
TEST SET» VALVE ACTUATOR 
STAND TEST» HYDRAULIC SYSTEM 
VACUUM PUMP» TRAILER MOUNTED 
GENERATOR SER» DIESEL 
MOTOR GENERATOR 

MOTOR GENERATOR 

GENERATOR SET 

GENERATOR SET 

POWER SUPPLY 

RECTIFIER 

BATTERY CHARGER 

MOTOR GENERATOR 

POWER SUPPLY 

MOTO? GENERATOR 

GENERATOR SET 

MOTOR GENERATOR 

ATR COMPRESSOR 

GENERATOR SET 

VACUUM PUMP 

AIR COMPRESSOR 

GENERATOR SET 

MOTOR GENERATOR 

MOTOR GENERATOR 

GENERATOR SET 

GENERATOR SET 

GENERATOR SET 

POWER SUPPLY 

GUIDANCE SIGNAL SIMUL POWER 
POWER SUPPLYSOPTICAL TESTER 
POWER DISTRIBUTION 

TEST STAND» HYDRAULIC SYSTEM 
GENERATOR SET 

POWER SUPPLY 

RECTIFIER »METALLIC 

CHARGER sBATTERY 

POWER SUPPLY 

GENERATOR SET 

CHARGER BATTERY 

GENERATOR SET 

CHARGER BATTERY 

MOTOR GENERATOR 

GENERATOR SET 

AT® COMPRESSOR 


GAS AND/OR LIQUID GENERATING, PRO. SYS. 


CONVAIR-ASTRONAUTICS 
CONVAIR-ASTRONAUTICS 
DOUGLAS AIRCRAFT CO 
NORTHROP CORP 


CONTROL» PRESSURE SYSTEM 

PANEL ASSEMBLY» NITROGEN CHARGING 
CONTROLLER» HYDRO PNEUMATIC 
SYSTEM INSTALL HIGH=PRESS ENGINE 


PROTECT. EQUIP. FOR MATERIAL & PERSONNEL 


DOUGLAS AIRCRAFT CO 


PROTECTION KIT» TRANSPORT 


MAINTEN. SHELTERS, PLATFORMS, STANDS, ETC. 


AC SPARK PLUG» GMC 

AIR LOGISTICS CORP 
CONVATR=-ASTRONAUTICS 
CRAIG MACHINE CO 

CRATG SYSTEMS INC 
DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
FARM-RITE IMPLEMENT CO 
FARM-RITE IMPLEMENT CO 
FEDERAL WINDOWS MFG CO 
GENERAL ELECTRIC CO 
GENERAL ELECTRIC CO 
GENERAL ELECTRIC CO 
LURTA ENGINEERING CO 
LURTA ENGINEERING CO 
NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 
ROCKETDYNEs NAA 
ROCKETDYNEs NAA 
ROCKETDYNEs NAA 
ROCKFETDYNEs NAA 
ROCKETDYNEs NAA 


TRANSPORTING & TOWING VEHICLES 


AIR LOGISTICS CORP 

AIR LOGISTICS CORP 

BOEING AIRPLANE CO 

BOEING AIRPLANE CO 
CONVAIR-ASTRONAUTICS 
CONVAIR-ASTRONAUTICS 
CONVATR-ASTRONAUTICS 
CURTIS MANUFACTURING CO 
DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
FREUHAUF TRAILER CO 
GENERAL ELECTRIC CO 
LOCKHEEDs CALIFORNIA DIV 
LOCKHEEDs GEORGIA DIV 
NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

PALSGROVE MANUFACTURING CO 
REPUBLIC AVIATION CORP 
ROCKETDYNE» NAA 

SOUTH BAY MANUFACTURING CO 
TUBULAR AIRCRAFT PRODUCTS CO 


SUPPORT» GYRO PLATFORM 

STAND ASSEMBLY MAINTENANCE 
MAINTENANCE PLATFORM 

SHELTERs ELECTRICAL EQUIPMENT 
SHELTER OPERATION 

MAINTENANCE PLATFORM 
BUILDINGs PREFABRICATED 

MAINT PLATFORM» GUIDANCE 
SHELTER» ENGINE MAINTENANCE 
SHELTER» ENGINE MAINTENANCE 
MAINTENANCE PLATFORM SFT 
SHELTER 

STAND» MAINTENANCE 

STAND» MAINTENANCE, MATING SLING 
SHELTER sELECTRICAL EQUIPMENT 
SHELTER» ENGINE MAINTENANCE 
MAINTENANCE PLATFORM SET 
WALKWAY» AFT FUSELAGE 

STAND ASSEMBLY» AFT FUSELAGE WORK 
PLATFORM SIDE 

TARLEs SURFACE CHFCKOUT 
SUPPORT» ROCKET ENGINE 

STANDs MAINTs ROCKET ENGINE 
SUPPORT» POWER PACKAGE 
SUPPORT» THRUST CHAMBER 
CONTOUR PLATFORM, THRUST SECT 


TRAILER INSTALLATION AND REMOVAL 
TRAILER ENGINE TRANSPORTATION 
DOLLY ASSEMBLYs ENGINE 

BOMB TRAILER» MOBILE LIFT 
SEMI-TRAILER» MISSILE 

TRAILER» MISSILE BOOSTER 
TRAILER» MISSILE HANDLING 

FIFTH WHEEL SUSPENSION SOFT RIDE 
SEMITRAILERs MISSILE 

PROPELLER SHIPPING TRAILER ASSY 
TRAILER» AIRCRAFT ENGINE 

BOMB LIFT TRAILER ASSY 

BOMB TRAILER 

TRAILER» LEFT« RE-ENTRY VEH 
TRUCKs AIRCRAFT AFT SECTION 
TRUCK» ENGINE BUILDUP AND TRANSPORT 
DOLLY» INSTRUMENT FLIGHT POSITION 
SUPPORT COLLIMATOR 

DOLLY ASSY»s GUIDANCE EQUIP 
TRAILER» ENGINE 

TRAILERs AIRCRAFT ENGINE 
TRAILER» RAIL TYPE 

TRAILER» MISSILE AND ROCKET 
TRAILER» AIRCRAFT ENGINE 
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STORING & SHIPPING CONTAINERS 


DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 


AIR CONDITIONING SYSTEMS 


AIRESEARCH MANUFACTURING CO 
AIRTEMP CONSTR DIVe CHRYSLER 
AMERICAN AIR FILTER CO 
AMERICAN ELECTRONIC INC 
BLOWERS INC 

Ce Ge HOKANSON CO INC 
DAYTON AIRCRAFT CO 

DEFENSE PROD DIVe AMER ath FL TR 
DOUGLAS AIRCRAFT CO 

DOUGLAS AIRCRAFT CO 

GREER HYDRAULICS INC. 
HERMAN NELSON CORP 

HERMAN NELSON CORP 

HERMAN NELSON CORP 

KECO INDUSTRIES INC 

MCGRAW ELECTRIC CO 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 

O. Eo SZEKELY & ASSOCIATES 
RECONY CORP 

STEWART WARNER CORP, 
SURFACE COMBUSTION CORO 

THE READY POWER CO 
TROPIC-AIRE CORP 


AEROSPACE GROUND EQUIPMENT DIRECTORY 


TANKs STORAGE» HI-PRESS GAS 
SEMITRAILER» COMPRESSED GAS 
STORAGE + LIQUID OXYGEN 
TANK» STORAGE, FUEL 


HEATER, PORTABLE GROUND 

ATR CONDITIONER 

HEATER» PORTABLE GROUND 

AIR CONDITIONER 

BLOWER» EXHAUST 

AIR CONDITIONER 

HEATER» DUCT TYPEs PORTABLE 
HEATER 

AIR CONDITIONER» TRAILER MOUNTED 
OVEN» THERMAL DRYINGs ELECTRIC 
BLOWER 

HEATER» PORTABLE UTILITY 

HEATER» ENGINE & SHELTER 
SELF-POWERED PORTABLE VENTILATOR 
AIR CONDITIONER 

AIR CONDITIONERs ELECTRONIC EQUIP 
CONDITIONER» PREFLIGHT GUIDANCE 
REACTIVATORs DESICCANT 

TEST STAND» COs INJECTION SYS 
COOLER» MOBILE» GUIDANCE SYS 
BLOWER 

AIR CONDITIONER 

HEATER, DUCT TYPE» PORTABLE 
HEATER» ENGINE & SHELTER 

AIR CONDITIONER 

AIR CONDITIONER 


CLEANING, DE-ICING & DECONTAMINATING EQUIP. 


AEROIL PRODUCTS CO 

BOEING AIRPLANE CO 
CONSOLIDATED MACHINE coRe 
De Ce COOPER CO 

DOUGLAS AIRCRAFT CO 

HENRY SPEN & CO 

JESSE We. EAKIRS CO 

PITMAN MANUFACTURING CO 


FUEL SYSTEM SERVICING EQUIPMENT 


ROwSERs INC 

BOWSER INC 

DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
HENRY SPEN & CO» 
NORTHROP CORP 
NORTHROP CORP 
MORTHROP CORP 
PARAMOUNT PRODUCTS 
ROCKETDYNE»s NAA 


SERVICING EQUIP. FOR AIRCRAFT SYSTEM 


ARNOLT MANUFACTURING CO 
CONVAIR,» GENERAL DYNAMICS 
DOUGLAS AIRCRAFT CO 

GENERAL ELECTRIC CO 

GREER HYDRAULICS» INC 

NORTHROP CORP 

REPUBLIC AVIATION CORP 
ROCKETDYNEs NAA 

SPRAGUE ENGINEERING & SALES CO 
SUN ELECTRIC CO 


SPRAYING UNIT,» CLEANING TRAILER 
FUEL CELL GROUND SERVICING 
STILL» ELECTRIC WATER 

DEGREASER ASSEMBLY 

NEGREASER 

SPRAY OUTFIT 

CLEANGPURG EQUIP» SOLVENT SPRAY 
SPRAY OUTFIT» CLEANING 


VEHICLEs FILTER SEPARATOR 

TANK & PUMP UNITs JET-OIL SERVICING 
TANK» STORAGE» DIESEL» FUEL 

FILTER UNIT» FUEL 

TRAILER» FUEL SERVICING 

TEST SET» FUEL CONTROL 

TRAILER» FUELING ADAPTER 

TRAILER» FUEL SYSTEM SUPPORT 
TRAILER» FUEL SERVICING 

SERVICE UNIT» LUBRICATING PURGING 


TESTER PRESSURIZED CABIN 
TOOL ASSEMBLY-BRAZING 
CHARGER» BATTERY 

PURGER»s RE-ENTRY VEHICLE 
TESTER PRESSURIZED CABIN 
MONITOR SET» PRESSURE 
TESTER, BATTERYs SILVER ZINC 
SERVICE KITs ENGINE CHECKOUT 
TESTER» PRESSURIZED AIRCRAFT 
BATTERYs STARTER TESTER 


LAUNCHING, LANDING & SECURING EQUIP. 


ACME PRECISION PRODUCTS INC 
CONVATR-ASTRONAUTICS 
CONVATR-ASTRONAUTICS 
NORTHROP CORP 

NORTHROP CORP 

NORTHROP CORP 


BARRIER» RUNWAY OVERRUN 
ERECTION MECHANISM, BOOM 
LAUNCHER, MISSILE 

COMPUTER SET» DATA SELECTION 
TEST SET» AZIMUTH REFERENCE 
LAUNCHER ASSEMBLY 


LIGHTING, SIGNALING & COMMUNICATING DEVICES 


AUDTO EQUIPMENT CO 

AUTOMATIC ELECTRIC 

BARKER AND WILLIAMSON INC 
BARKER AND WILLIAMSON INC 
BRIGHT RADIO LARS INC 

BRUSH DEVELOPMENT CO 

COLLINS RADIO CO 

COWNECTICUT TELEPHONF & ELEC CO 
CONNECTICUT TELEPHONE 6& ELEC CO 
CONNECTICUT TELEPHONE 6 ELEC CO 
CONNECTICUT TELEPHONE & ELEC CO 
CONTROL SPECIALITY CORP 

CONTROL SPECIALITY CORP 

CONTROL SPECIALITY COR 

CRAIG SYSTEMS INC 

CRAIG SYSTEMS INC 

CRAIG SYSTEMS INC 

CROUSE HINDS CO 

CROUSE HINDS CO 

ELECTRIC. MOTOR & SPECIALTY CO 
FEDERAL TELEPHONE AND RADIO CO 
FEDERAL RADIO AND TELEVISION CO 
GENERAL DEVELOPMENT CORP 
HOFFMAN RADIO CORP 

INSULINE CORP OF AMERICA 
JACOBSON MFG COs 

KELLOGG SWITCHBOARD & SUPPLY CO 
KELLOGG SWITCHBOARD & SUPPLY CO 
KELLOGG SWITCHBOARD & SUPPLY CO 
KELLOGG SWITCHROARD & SUPPLY CO 
KLEINSCHMIDT LABORATORIES» INC 
KLEINSCHMIDT LABORATORIFSs INC 
KLEINSCHMIDT LABORATORIESs INC 
LORAIN PRODUCTS CORP 

MARK SIMPSON MFG CO 

NORTH ELECTRIC MANUFACTURING CO 
NORTHERN RADIO CO 

NORTHERN RADIO CO 

OLYMPIC RADIO AND TELEVISION INC 
PEIRCE WIRE RECORDER CORP 
PRESTO RECORDING CO 

PRESTO RECORDING CO 

RADTO FREQUENCY LABORATORIES INC 
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PUBLIC ADDRESS SET 

REPEATER», TELEPHONE 

CONTROL + FREQUENCY SHIFT 
CONVERTER» FREQ. SHIFT 
INTERCOM SET 

RECORDER REPRODUCER 

RECEIVER 

TELEPHONE CONNECTING STATION 
SWITCHBOARD 

SWITCHBOARD» TELEGRAPH 
SWITCHBOARD» TELEPHONEMANUAL 
TABLEs TELETYPEWRITER 
CONTROL POWER SUPPLY GROUP 
CONTROL TRANSMITTER TELETYPE 
RADIO TELETYPEWRITER 
TELETYPEWRITER SET 

CENTRAL OFFICE TELETYPEWRITER 
SEARCHLIGHT 

CHAMBER» CABLE TERMINAL 
REPEATER SET» TELEPHONE 
TERMINAL» TELEGRAPH 
AMPLIFIER AUDIO FREQUENCY 
REPEATER» TELEPHONE 
CONVERTER 

SWITCHROARD 

REPEATER SETs TELEPHONE 

MAIN DISTRIBUTING FRAME, TELEPHONE 
TELEPHONE CONNECTING STATION 
SWITCHBOARD» TELEPHONE 
SIGNAL ASSEMBLY» SWITCHBOARD 
TELETYPEWRITER SET 
TELETYPEWRITER RFPERFORATOR 
DISTRIBUTOR TRANSMITTER TELETYPE 
RINGER» TELEPHONE 

PURLIC ANDNRESS SFT 
SWITCHBOARD» TELEPHONE 
CARRIER RACK TELEGRAPH 
CONVERTER, FREQUENCY SHIFT 
RECORDER REPRODUCER 

RECORDER REPRODUCER 
AMPLIFIER AUDIO FREQUENCY 
RECORDER REPRODUCER 

TERMINAL TELEGRAPH 


(concluded) 


RADIO FREQUENCY LABORATORIES INC 


‘SILTRONIC CO 


STELMA INC 

STROMBERG CARLSON 
STROMBERG CARLSON 
STROMBERG CARLSON 
STROMBERG CARLSON 
STROMBERG CARLSON 
STROMBERG CARLSON 
STROMBERG CARLSON 
TECHNICAL MATERIAL CORP 
TELECTRO INDUSTRIES 
TELETYPE CORP 
TELETYPE CORP 
TELETYPE CORP 
TELETYPE CORP 
TELETYPE CORP 

TIMES FACSIMILE CORP 
TIMES FACSIMILE CORP 
TIMES FACSIMILE CORP 
TIMES FACSIMILE CORP 
TIMES FACSIMILE CORP, 
WESTERN ELECTRIC CO 
WESTERN ELFCTRIC CO 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC COs 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC CO» 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC CO 
WESTERN ELECTRIC CO 
WESTERN UNION TELEGRAPH CO 
WESTERN UNION TELEGRAPH CO 
WILCOX-GAY CORP 


FIRE FIGHTING, RESCUE & SURVIVAL GEAR 


MACK TRUCKS INC 
MARMON-HERRINGTON CO 


MISSILE CHECKOUT & TEST EQUIPMENT 


AMERICAN BOSCH ARMA 
AMERICAN BOSCH ARMA 
AMERTCAN BOSCH ARMA 
CONVATR=ASTRONAUTICS 
CONVATR-ASTRONAUTICS 
CONVAIR=ASTRONAUTICS 
CONVATR-ASTRONAUTICS 
CONVATR-ASTRONAUITICS 
CONVATR-ASTRONAUTICS 
CONVAIR-ASTRONAUTICS 
CONVAIR-ASTRONAUTICS 
DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
DOUGLAS AIRCRAFT CO 
DOUGLAS ATRCRAFT CO 
GENFRAL FLECTRIC CO 
GENERAL ELECTRIC CO 
GENERAL ELECTRIC CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES ATRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
HUGHES AIRCRAFT CO 
MCDONNELL AIRCRAFT CORP 
MCDONNELL AIRCRAFT CORP 
MCDONNELL AIRCRAFT CORP 
MCDONNELL AIRCRAFT CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
NORTHROP CORP 
ROCKETDYNEs NAA 
ROCKETDYNEs NAA 
ROCKETDYNE» NAA 
ROCKETDYNEs» NAA 
ROCKETDYNEs NAA 
ROCKETDYNE» NAA 


CONVERTER» FREQUENCY SHIFT 
AMPLIFIER» AUDIO FREQUENCY 
REPEATER» TELEGRAPH 
CONVERTER 

LINE RELAY 

TERMINAL» TELEGRAPH -TELEPHONE 
TELEPHONE CIRCUIT» TRUNK RELAY 
CENTRAL OFFICE SET 

TELEPHONE CENTRAL OFFICE GROUP 
SWITCHBOARDs POWER 

FILTER» DISTORTION 

RECORDER REPRODUCER 

PRINTER PROJECTOR 
REPERFORATOR 

DISTRIBUTOR TRANSMITTER 
PERFORATOR 

TELETYPEWRITER SET 

KEYER ANapTeR 

FACSIMILE SET 

FACSIMILE RECORDER 

FREQUENCY SHIFT CONVERTER 
CONVERTER, FREQ. SHIFT 
RECEIVER GROUP 

REPEATER, TELEGRAPH 
TERMINALs TELEGRAPH 
REGULATOR» AUDIO LEVEL 

RADIO TELETYPE TERMINAL EQUIPMENT 
TERMINAL» TELEPHONE 
SWITCHBOARD» TELEPHONE 
TELEPHONE TERMINAL 

CARRIER TERMINAL 

TELEPHONE CONNECTING STATION 
REPEATER, TELEPHONE 

REPEATER SET» TELEPHONE 
TERMINAL 

RINGING SET 

CARRIER TERMINAL 

CONVERTER SET 

MULTIPLEXER 

DEMULTIPLEXER 

CONVERTER, FREQ. SHIFT 


TRUCK sFIRE FIGHTING» AIRCRAFT 
TRUCK FIRE FIGHTING sAIRCRAFT 


PRISM AZIMUTH REFERENCE 

STANDs MAINTENANCE GUIDANCE 

TEST SETs IGS SIGNAL COND 
CONSOLE» TELEVISION CONTROL 
RECORDER GROUP 

AUTOPILOT GROUPs GROUND CONTROL 
VIEWER, TELEVISION 

TELEVISION CONTROL GROUP 

TEST SET» PROPELLANT UTILIZATION 
TEST SETs PNEUMATIC 
DISTRIBUTION» UNIT» CABLE 
CHECKOUT STATIONs MISSILE 
LAUNCHING CONTROL GROUP 

MISSILE LAUNCH SIMULATOR 

MISSILE LAUNCHING COUNTDOWN GROUP 
SIMULATOR, RANGE 

TEST SETs RATE ANTENNA BORESIGHT 
TEST SET» RE-ENTRY VEHICLE 

TEST SET» GUIDANCE 

TEST SETs CLUTCH CHARACTERISTICS 
TEST SETs HYOR POWER 

TEST SFT ASSURANCE 

TEST SETs ERROR CHANNEL CHASSIS 
TEST SETs FINAL 

TEST SET FRICTION & ATTITUDE 
TEST SETs Ie Fe AMPLIFIER 

TEST SET CONTINUITY 

TEST SETs ReoFe 

TEST SET ORIVER ADJUST GUIDANCE 
TEST SETs SCANNER GUIDANCE 

TEST SET» RETICLE SELECT 

TEST SETs CARRIER AMPLIFIER 

TEST SET PULSE GENERATOR 

TEST SETs ELECTRICAL POWEF 

TEST SETs CLOSED LOOP FRICTION 
TEST SETs VANE RUN IN 

TEST SETs MOTOR DYNAMIC BALANCE 
TEST SETe CELL GUIDANCE UNIT 
TEST SETs FOCUS & ALIGNMENT 
CALIBRATOR GROUP 

TEST SET» RATE SENSOR CONVERTER 
TEST SET RATE SENSOR CALIBRATION 
TEST SET LEAKAGE 

TEST SET» FINAL SERVOPOSITIONER 
TRAILER» FLIGHT MONITORING 
TRAILER» SPARE PARTS 

TRAILER» CAPSULE CHECKOUT 
TRAILER TELEMETRY 

TESTsSETsLOAD BANK 

TEST SETs FLIGHT CONTROL COMPUTER 
GUIDANCE FUNCTION COMPUTER 
STANDs INSTRUMENT BALANCING 
INDICATOR SETs ELEVON POSITION 
SIMULATOR GUIDANCE SIGNAL 
PROGRAMMER, ENGINE CHECKOUT 
STAND» TESTs ELECTR PNEU HYDR 
PLATES AND PLUGS KITs ENGINE 
STAND» TESTs ELECTR-PNEU-HYDR 
PUMPING UNIT HYDRAULIC 

ADAPTER SET 


ENGINE CHECKOUT, SPECIALIZED EQUIPMENT 


CONVATR-ASTRONAUTICS 
CONVATR-ASTRONAUTICS 
LOCKHEEN 

ROCKFTDYNEs NAA 


TRAINING EQUIPMENT 


LINK AVIATION 
NORTHROP CORP 


FIXTURE» THRUST CHAMBER ALIGN 
CONTROL» PURGINGs ROCKET ENGINE 
MOBILE TEST STAND 

SIMULATOR» ENGINE OPERATION 


TRAINERs FLIGHT SIMULATOR 
SIMULATOR SET»sGUIDANCE SIGNAL 


A REPRINT 
of this article can be obtained by writing on company 
letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Philadelphia 39, Pa. 


1 - 4 ee ee vy a on — oe | RES Oy oe ee a4 ies Sel ys % 5 
‘ ga arr ae 2 Ee eS yee, a Oe ee ee ere 
Sel, oe a ns ea i. PAR ete ee ag) eo a * ; ; Re eds Sa oe ee oh ai a pe See 
Sita a i OMS. SIR eee emetic! woe ee ag ba i a ate a ee 
ie é Ah ty kee NERS A ae ee ree ues 3. = A i 4 ages 7, 
Sane \ subg px hs ~ ar SAS aie ten he We he Rady Wis. 47> ee : oe ee +7 hy ee ee 
a me ety Pian a ls i Re a a ie a ae ie > ee a Su y ae ea Sr Br 2 awn tee tape ee ote rss Peau Si u | 
d : sean th aie Parnes aS elo, ee” ome ce ee, ee ee gee fob rsa! cca tira ae 
se . nae —s ae ee Ey ee ae gs Ee’ GAL ebm Geet ee 
bs: = : Be e : Ate aan a aed us 
Sat 
a 
= Peay) 
ei a i 
Ag 3 
ee | Stes 
ioe 
a % tenes 
Bhar 
hay 
; gas 
F Cathe 
ie 
s eae 
Fg 
; pe 
u anes 
5 ae 
; ® ery 
ae eo 
" ig 
é ‘Baa 
7 aa 
a ’ 
+) Bye 
e < ye 
| | oa 
i 
. PS Pe ; 
PR ] BEE 
Pe 
ig Sit 
oes 26 
| She 
ee Bis 
SCC ia 
‘ iat 
dikes 
EVE 
j 2s 
ike 
} i 
shut 
aris , aha 
. a aie 
rH es Bias 
: Bea ps 
aid 2 
Hee 
PAD) 
’ es 
ui 7 4 an 
5 - Bhias 
Sete 
aa EF 
ma Boe 
nae tea 
- Oi ae 
‘ 3 Bee 
; ais 
mis Va 
Bis AS 
: 1 ee 
+ 5 
i ne 
- “see 
Eee te 
5 if 
Ry bt ker. 
ne 
, 2a 
- Bex 
z Bie 
ae ae 
Nee: 
pees be 
Ym, eine : : 
Gea ; ie 
. eri. 
Z oie 
a Nene rr ; e 
own | 39 Te 
ise Hi 
‘3 ae 
ree 
ee am 
; ask 
eee ‘ ig bie 
= | Deer = Pee a ie ed bh Pia ie = ia ‘ it ies 7 ike 
ae 5s A are tate a of! |e ae Bee Tera igs s Rs ee OSE REY Oren? eae eee — ee ~ ee ma wepeern e e ait S92" 
4 s aaa ite ee é, Wels. Sales oa ; Tie we ee ss ae ee. ee | leer ity 
ee i; ree ae etl ee cee aes, ae Re Ets eee, a rt NS SA «MI le ake a 
f fe a + OS a Re a em ie a < a ee eee ace he, -— See ve ie ee 


New Face 


THE CHALLENGE AND THE PROGRESS/ 


For Man-In-Space 


Optimism reigns after first manned-Mercury shot, 
Apollo could reap long-range benefits of new attitude; 
Shepard-shot entitles von Braun to say "I told you so” 


A short, fifteen minute ride 
seems to have turned the tide from 
pessimism to optimism in our man- 
in-space program. 

Future space pilots may liken 
Freedom Seven’s up-and-down flight 
to the touch-and-go landing prac- 
tice in today’s pilot curriculum. Two 
critical phases of the flight were 
tested, takeoff and landing. But we 
never left the landing pattern. 

What did it all prove? The sci- 
entific gains may be nebulous. But 
one thing is clear as crystal. The 
flight proved Dr. Werhner von 
Braun was right again. He advo- 
cated such a flight three years ago. 
He was voted down. He also advo- 
cated our first satellite shot long 
before the Vanguard we would all 
like to forget. But he was voted 


REPUBLIC DESIGN reflects origi- 
nal NASA thinking that Apollo 
should draw heavily from Mercury’s 
technical inputs. Republic is one of 
several companies proceeding with 
own money to stay in the race for 
Apollo funds. NASA _ evaluated 
GE, Convair, Martin Co., funded 
design studies in mid-May. 
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down then too. The von Braun 
theory is that space dominance is 
so important for world prestige that 
some flights have to be made for 
purely psychological reasons. Each 
time von Braun has been vetoed it 
has been by non-technical men who 
purportedly understand manage- 
ment and political problems better 
than the “technical minds.” Can 
lightning strike again. It can and 
it probably will. 

What’s Next—The next signifi- 
cant man-in-space effort will come 
with the orbital Mercury shot. 
Hopefully this will occur this year. 
If it is successful the role of NASA 
as the agency to run our space ef- 
forts will be practically assured. 
NASA’s next big plans are for the 
Saturn-boosted Apollo. This three- 


Parachute 
Pack 


man space lab and moon orbiter 
clings to the baliistic (or semi- 
ballistic) approach to reentry. Dur- 
ing the flight the costly booster falls 
in the ocean and before the reentry, 
the space ship comes apart so that 
only a small capsule reenters and 
is reclaimed. Right or wrong, this 
is the way we are going with 
Apollo, the man-in-space vehicle 
losely targeted for 1966-67. 

Economic Fallacies—Indecision 
and lack of direction in our space 
program can be traced to the money 
outlay required. The President’s 
Scientific Advisory Committee mag- 
ically produced a requirement of 
$40 billion to put an expedition on 
the Moon. Numbers like this have 
caused many to hesitate before leap- 
ing. 


Work Module 


Reentry Capsule 


View Port 
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In January 1960 when Congress 
was looking into spending $100 
million on the Saturn program von 
Braun had this to say: “. . . if the 
value of American stock in the 
eyes of the world drops a billion 
dollars because the Russians pub- 
lish a photograph of the far side 
of the Moon, and if we could have 
done it for one-tenth of that 
amount, it would have been a good 
investment to have done it ahead 
of the Russians.” 

The same analysis holds today. 
a 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 


Mission Module 


Reentry Capsule 
NERV Shape 
L/D = 0.6 
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ATTITUDE 
CONTROLLER 


Ablation Shield 


Reentry Flap 
For Maneuvering 


ANTENNA 
HOUSING 


Four LHp LOo 
Engines 


HORIZON 
SCANNERS 


Escape Rockets 


MAN IN A CAN impression of 
Mercury astronauts and their cap- 
sule has long plagued this program. 
Trick title came from early talk, 
mostly by engineers that everything 
in the Mercury capsule would be 
automatic. There are actually 57 
switches, 34 mechanical levers, and 
31 fuses over which astronaut has 
some control. Astronauts them- 
selves are a driving force to get more 
and more manual control into the 
systems. Their influence is already 
being felt in the design concepts of 
Project Apollo. 


cted by Marti 


Co. Guidance will be a major problem in 3-man Earth and Moon orbiter. 
Star Field Tracker reads star patterns, establishes a pointing axis in space, 
and orients space vehicle in flight. 


GENERAL ELECTRIC DESIGN 
for Apollo would incorporate mis- 
sion module and reentry capsule. 
Both compartments would have 
“shirt-sleeve environment” in nor- 
mal operation. Overall vehicle would 
have 18-ft diam skirt to mate with 
Saturn. Nerv-shaped reentry cap- 
sule would weigh about 1500 Ib. 
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AGE Gauges 


On The Launch Pad 


Bourdon-tube dial reading gauges play critical prelaunch role; 
Missile systems must be activated by Aerospace Ground Equipment; 
High-pressure hydraulic-pneumatic flow monitored by dial gauges 


by W. L. Buffenmyer, Chief Application Engineer, 


U.S. Gauge Div., American Machine Metals Inc. 


Nearly every step in preparing a missile for 
launching is monitored by dial indicating pres- 
sure gauges. This article tells how gauges are 
being used in leading missile systems. I+ will 


Before a missile is launched 
propellants must be handled, ground 
equipment pretested, and flight sys- 
tems checked out. Monitoring many 
of the critical procedures are bour- 
don-tube dial indicating pressure 
gauges. Technicians scanning these 
gauges get a clear picture of the 
missile’s readiness. 

Generally, dial indicating pres- 
sure gauges are panel mounted, 
often in fixed console units, similar 
to that shown in Fig. 1. Sometimes 
they are mounted on units in service 
trailers, as in Fig. 2. They may also 
be mounted directly on pressure 
lines delivering liquids and gases 
to the missile, as in Fig. 3. 

Gauge requirements in AGE— 
While gauge requirements will vary 
with individual missile support 
needs, some generalizations can be 
made. Pressure ranges vary from 
zero to 10,000 psi, with accuracies 
up to 42 percent of full scale. De- 
pending upon service conditions 
gauges may be temperature com- 
pensated. Some will require adjust- 
able pointers and means to restore 
the accuracy of the gauge under 
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rugged service conditions. When 
panel mounted, gauges are often of 
the recess type with tapped holes to 
permit removal from the front of 
the panel. When subjected to con- 
tinuous surges and extreme fluctua- 
tions gauges are protected by pulsa- 
tion dampeners. 

Jupiter Hydro-pneumatics — A 
hydro-pneumatic trailer services the 
Army-developed Jupiter missile. It 
provides a source of clean filtered 
hydraulic fluid under pressure. Thus, 
hydraulically-operated missile func- 
tions can be energized without using 
the vehicle’s hydraulic pump. 


help guide engineers designing and specifying 
components for current and future Aerospace 
Ground Equipment (AGE). A check list gives 
tips on specifying. 


Two gauges indicate supply and 
return pressures. Their ranges are 
0 to 5,000 psi and O to 60 psi 
respectively. Primarily, the gauges 
monitor proper system function dur- 
ing checkout of the missile’s hy- 
draulic system. 

The pneumatic portion of the 
Jupiter’s service trailer provides 
high pressure storage and controls 
distribution of gaseous nitrogen for 
pneumatically-operated missile and 
other ground equipment functions. 
In this service, six pressure gauges 
are used to monitor pneumatic sys- 


JUPITER PNEUMATIC GAUGES 
Table | 


Service 


Monitor 5,000 psi inlet supply for charging missile’s 


storage bottles 


Monitor pneumatic storage bottle pressure 
Monitor pressures to pneumatically-operated con- 


trol valve 


Number of Pressure 
Gauges tange 
1 0 to 10.000 psi 
1 0 to 10,000 psi 
1 Oto 300 psi 
| 0 to 10,000 psi 
l Oto 5000 psi 
1 Oto — 2000 psi 


Monitor high pressure outlet of control valve 
Monitor 3,000 psi service 
Monitor 750 psi service 
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FIG. 1. AT MARTIN-DENVER, 
where Titan undergoes complete 
ground check including static firing, 
dial pressure gauges are found in 
heart of control center. Panel shown 
is for main control of N. and Ho. 


tem function during checkout. (See 
TABLE I). 

Redstone Trailer — Gauges in 
the pneumatic servicing trailer of 
the Army’s Redstone missile per- 
form a similar function to those used 
with the Jupiter. Seven gauges are 
used: five in the range of 0 to 10,000 
psi; one, 0 to 5,000 psi; and one, 
Q to 1,000 psi. 

Functionally, these gauges are 
used only to monitor operation dur- 
ing checkout of the weapon’s system 
or sub-system. During final count- 
down, they are not accessible. Feed- 
back required to continue the count- 
down is supplied by pressure 
switches that provide automatic 
sequencing or an O.K. signal to the 
launch control. 

During checkout, gauges are 
monitored to check manual sequenc- 
ing, functioning of associated pres- 


sure switches and also to trouble 
shoot malfunctions. These gauges 
must have accuracies of one percent 
of mid-range and 1% percent of 
full scale. 

The leak test console, in the 
pneumatic-shop-van servicing the 
Redstone, checks out the missile’s 
pneumatic system and sub-systems. 
The console is connected pneu- 
matically and electrically to the mis- 
sile for a series of pressure and leak 
checks. (See TABLE I). 

The accuracy requirements for 
the gauges on the leak test console 
are the same as for those in the 
servicing trailer except that the three 
0-3 to 500 psi gauges require ac- 
curacies of 0.5 percent of full scale. 

Aerobee 150A — At NASA’s 
Wallops Island launch site, gauges 
used on the propellant servicing and 
high pressure helium systems of the 


REDSTONE LEAK-TEST GAUGES 
Table Il 


Number of Pressure 
Gauges Range 


0 to 5000 psi 
0 to 3500 psi 
0 to 1000 psi 
0 to 400 psi 
0 to 3500 psi 
0 to 1000 psi 
0 to 400 psi 
Oto 60 psi 


ee ee 


to 
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Service 


Measuring console source pressure 

Measuring console source pressure 

Measuring regulated pressure to missile 
Measuring regulated pressure to missile 
Measuring various return pressures in the missile 
Measuring various return pressures in the missile 
Measuring various return pressures in the missile 
Measuring various return pressures in the missile 


Aerobee 150A are considered of 
prime importance. 

Most vehicles launched from 
Wallops Island have a liquid fueled 
sustainer or liquid second stage. The 
propellant consists of inhibited red 
fuming nitric acid (the oxidizer) and 
a combination of aniline and furfury] 
alcohol (the fuel). Fuel is drawn 
from its storage tank and forced into 
the vehicle’s tank through a system 
of stainless steel piping and valves. 
Fuel storage tanks, pumps, gauges, 
filters and associated equipment are 
housed in the same building. 

Proper flow rate is attained by 
manually adjusting the flow pressure 
as indicated by two 0 to 100 psi 
pressure gauges located downstream 
of the pump. Pumping pressure is 
normally about 15 psi. As the fuel- 
ing operation nears completion, 
however, it is necessary to throttle 
the flow. Small variations in the 
discharge pressure represent relative- 
ly large changes in the flow rate, 
hence gauge accuracy is important. 
A similar procedure is followed in 
pumping the oxidizer to the missile. 
Gauges used in this service must be 
resistant to the corrosive effects of 
the caustic liquids used. Accuracy 
and dependability are critical fac- 
tors. 

For proper operation of the 
Aerobee’s propellant system it is 
necessary to force the propellants 
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AGE GAUGES ON THE LAUNCH PAD . 


+ »« continued 


Check list aids in engineering and procuring equipment; 
Vendor can often spot problems for project men 


into the thrust chamber with com- 
pressed helium during flight. The 
vehicle is, therefore, fitted with a 
small helium tank which is filled 
at about 3500 psi prior to launch- 
ing. The ground support system for 
providing this high pressure gas 
consists of a large storage vessel, 
compressor, stainless steel piping, 
pneumatic and manual valves, pres- 
sure gauges and associated equip- 
ment. Two 0 to 10,000 psi, and two 
0 to 5,000 psi gauges are used in 
this system. These are also stainless 
steel bourdon-tube gauges. They 
must be of sturdy construction to 
withstand the repeated surges which 
occur in the lines during pumping. 

The pressure gauges at Wallops 
are recalibrated at six-month inter- 
vals, and those in the propellant 
building are cleaned periodically 
because of the corrosiveness of the 
propellants. 

Mace Power Pack—The Power 
Pack (Fig. 3) is one of several types 
of equipment for the ground sup- 
port of the TM-76 Mace. In addi- 
tion to supplying electrical power 
the unit services the missile in three 
other ways: 


(1) A pneumatic system supplies 
high pressure air at 3500 psi 
and low pressure air within a 
0 to 150 psi range for operating 
pneumatic tools. 
(2) A hydraulic system supply- 
ing 15 gpm at 1750 psi (max.) 
is supplied for check out of the 
hydraulic system in the missile 
prior to flight. 
(3) A ground air cooling sys- 
tem providing 25 pounds (min.) 
of free air at 30 psi for input 
air temperatures up to 103°F. 
to the missile. 
Pressure gauges, mounted on 
the control panel monitor the three 
systems. 


GAUGE SELECTION CHECK LIST 


The accuracy with which fluid 
or gas pressures are measured is of 
vital importance during the pre- 
launch checkout. This checklist will 
give engineering and procurement 
personnel an understanding of the 
factors influencing gauge selection. 

Measured Medium: Since the 
vital measuring element (bourdon- 
tube) is often exposed directly to 
the pressurized fluid or gas, it is 


important that it be made from the 
right material. Corrosive media, or 
those under extremely high pressure 
for example, call for a bourdon-tube 
fabricated from a metal such as type 
316 stainless steel. It is resistant to 
most corrosive fluids and gases and 
pressures up to 10,000 psi. The 
gauge vendor can often aid by mak- 
ing specific recommendations to 
project men. 

Pressure Range: The American 
Standard recommends a maximum 
working pressure, under steady 
pressure, of not more thin two- 
thirds the maximum value on the 
scale. Otherwise, accuracy may not 
be maintained and the life of the 
bourdon-tube may be shortened. 
Hence, if the working pressure is 
200 psi, the selected range should 
be 0 to 300 psi. 

Ambient Atmosphere: This 
problem relates to the medium 
around the gauge, as for example, 
caustic propellants. Certain atmos- 
pheres can ruin an aluminum case 
selected for light weight. Thus a 
gauge should be selected which will 
operate over a wide range of atmos- 
pheric conditions, or the end use 


FIG. 2. MACE POWER PACK has electrical controls 
at right, hydraulic and pneumatic controls at left. Bour- 
don-tube dial gauges are prominent on the hydro- 


pneumatic panel. 
supplier. 


aa 


Goodyear Aircraft Corp. is unit 


FIG. 3. LINE-MOUNTED GAUGES at NASA Wal- 
lops Island Facility are used to monitor flow of helium 
to storage tanks. Stainless steel bourdon gauges range 
from 0 to 10,000 psi dial readings. 
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of the equipment should be speci- 
fied. 

Wear Conditions: Pulsating pres- 
sures, sudden shocks and gauge 
vibration can seriously affect ac- 
curacy and cause excessive wear of 
the gauge mechanism. A number of 
devices are available which can be 
inserted into the gauge socket to 
minimize the effects of sudden pres- 
sure changes. 

These are called pulsation 
dampeners. A variety of such at- 
tachments are available to suit the 
various pressures and fluids. The 
gauge and the attachment should 
be selected as a unit. The vendor 
can usually provide the project 
engineer with specific information 
for making intelligent decisions. 

Connections: Soldered, welded, 
threaded and soldered, or threaded 
and welded are the commonest con- 
nections. Soft-solder joints are used 
for low pressure applications and 
for operating temperatures to 
150°F. Silver soldering or silver 
brazing is used for medium pres- 
sures, while welding is used for 
high-pressure applications. Gauges 
should always be installed with the 
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ROCKETDYNE TEST STAND in California Moun- 
tains shows typical array of bourdon-tube dial indica- 
tors. Panel shown is for liquid oxygen and RP-1 fuel. 
Atlas, Thor, Jupiter engines are checked here. 


face of the dial in a vertical position 
with the midscale point in a per- 
pendicular line with the bottom of 
the gauge. 

Mounting: If the gauge is to be 
mounted in other than a vertical 
position, the position should be 
specified so that the gauge can be 
calibrated under operating condi- 
tions. Gauges with connections in 
positions other than the standard 
six o’clock are also available. The 
connection position should be speci- 
fied by the engineer so that the 
dial can be properly aligned. 

Required Accuracy: Accuracy 
is generally expressed in terms of 
percent of scale range. It should 
never simply be expressed in per- 
cent without the qualification. The 
degree of accuracy required depends 
upon the conditions of service, actu- 
al need for precise readings versus 
trend indications and probable 
maintenance care to sustain the ac- 
curacy. Usually, the more rugged 
the service, the greater the com- 
promise between accuracy and costs. 
Related to gauge accuracy is repro- 
ducibility—the ability of the gauge 
to give the same reading for the 


INSIDE FIRING CHAMBER for altitude testing of 
LH,-LO, Centaur engine, Pratt & Whitney technicians 


use dial type gauge (arrow) to monitor critical gas pres- 
sure. Camera is also mounted inside chamber. 


same applied pressure time after 
time. This may be more important 
than the actual accuracy if the only 
purpose of the gauge is to tell a 
technician when to do something. 
Readability: Readability and ac- 
curacy do not basically influence the 
selection of drawn-case gauge sizes. 
However, relatively large numerals 
on large size dials do ease the reada- 
bility where, for example, there are 
physical limits on how close the 
observer can approach the gauge to 
read it. More pertinent are the limi- 
tations placed on space for equip- 
ment or panels. For Grade A and 
Grade AA gauges, commonly avail- 
able in sizes over 414 in., the values 
of the smallest graduations do vary 
with size. These values are closely 
related to the guaranteed accuracies 
of the gauge. Little is gained by in- 
sisting on finer graduations than are 
compatible with gauge accuracy. 


A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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Circle 15 on Inquiry Card 


expressway 
for automatic 
all-weather 
landings 


The Steel Products 
Engineering Division of 
Kelsey-Hayes is developing the 
radar antenna mounts for 

Bell Aerosystem’s All-Weather 
Automatic Landing System. 
Designated AN /SPN-10 by the 
Navy, the system has been 
selected for use aboard the U.S.S. 
Enterprise and other nuclear 
powered carriers. 


Since 1914, Speco has been a 
vital force in the nation’s aviation 
and defense programs .. . and 
since 1949, has provided radar 
componentry for Titan, Hawk, 
Nike-Hercules, Nike-Zeus and 
many other guidance systems. 
For further information, write 
Speco Division, Kelsey-Hayes Co., 
Springfield, Ohio. 


KELSEY 
HAYES 
CGOMPANNT 


Automotive, Aviation and Agricultural Parts 
Hand Tools for industry and Home 


OPERATIONAL PLANTS: Detroit, Jackson 
and Romulus, Michigan; Los Angeles, 
California; Philadelphia, Pennsylvania; 
Springfield, Ohio; New Hartford and Utica, 
New York; Davenport, Iowa; Rockford, Illinois; 
Windsor and Woodstock, Ontario, Canada, 
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Seven integrated R&D labs opened to keep pace with technical progress; 


Republic Gears For Space 


Allow study of complete spectrum of aerospace problems; 


by John P. Kushnerick 


Republic Aviation is reaching. 
From a three-level brick building 
named for one of the men whose 
foresight put the company on top of 
the heap in the aircraft industry, Re- 
public is reaching for the stars. The 
building at the southeast corner of 
Republic’s 530-acre tract at Farm- 
ingdale is called the Paul Moore 
R&D center. It houses 7 applied 
research laboratories.* In them 500 
specialists (74 with masters degrees) 
will lay the firm foundations from 
which Republic hopes to push to 
giant status in the space industry. 

Equipping and staffing the labs 
will suck up $14 million in com- 
pany funds. 


Go On Green —Is Republic 
walking in a path already trod by 
military and NASA research facil- 
ities? Dr. William J. O’Donnell, 
chief engineer for Applied R&D 
thinks not. “Government cannot af- 
ford to subsidize the education of 
every firm that wants to do space 
business. Nor can it provide all of 
the informational inputs. We don’t 
subscribe to the adage that knowl- 
edge is power . . . but, it does breed 


*(1) Reentry Simulation, (2) Nu- 
clear Radiation, (3) Life Sciences, 
(4) Guidance and Control, (5) Elec- 
tronics, (6) Materials Development, 
(7) Fluid Systems. The labs are 
backed up by a trio of wind tunnels 
trans, super, and hyper sonic. 
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Simulation and ground-testing taking on new importance as space era begins 


power. With the right kind of mar- 
keting we can use the knowledge 
we gain here to make Republic a 
space age power. 

“When they flash the green light 
on something like Apollo, you’ve 
got to be ready to go.” 


Life Sciences—Man’s needs and 
limitations in the space environ- 
ments are still a big question mark. 
Republic hopes to find some of the 
answers in a 13-ft-diam, 30-ft-long 
space chamber. Conditions and en- 
vironments up to 150 mi altitudes 
will be simulated. Man, materials, 
and equipment will be evaluated. 
Solar radiation and vibration are 
planned as part of the combined 
environment test capability. 


Nuclear Radiation—Nuclear en- 
gines, the real hope for space con- 
quest, and cosmic radiation in 
space, produce violent effects on 
man and equipment. Republic’s 
R&D facilities now include two hot 
cells, 8 x 8 x 15.6 ft for finding ways 
to beat radiation. The 40,000 curies 
of Cobalt 60 used as a “source” 
represent the largest single shipment 
of radio active material to enter 
U. S. from Canada. 

Republic says their space labo- 
ratories do not duplicate existing 
facilities any where in this country, 
but they are competitive. Each has 
been equipped in such a way as to 


, 


Dr. William J. O'Donnell 


... goon green. 


support corporate activity in aero- 
nautics and astronautics and in ad- 
dition and something new to the na- 
tion’s research facilities. 


Reentry Lab—Principal piece of 
equipment in the Reentry Simula- 
tion Lab is a 96-ft hypervelocity 
shock tube. It has a 24-in. diam test 
section that allows model studies at 
Mach 20 conditions. 

A megawatt Arc-Jet is another 
piece of equipment used in high tem- 
perature studies. It reproduces tem- 
peratures encountered at speeds of 
10,000 ft/sec. This heating device 
departs from the traditional consum- 
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RESEARCH AT REPUBLIC .. . continued 


Research Center will support corporate-wide planning; 
Technologies from VTOL to space seen as challenges 


BS 


INSIDE SPACE CHAMBER, Republic will study man and equipment at 
150-mi altitudes. Chamber has 13-ft diam and 30-ft length. Solar radia- 
tion and vibration equipment are planned-for capabilities. Inhabitable 


part of Apollo can reportedly be accommodated. 


NAVIGATION AND CONTROL laboratory is 
equipped to build and study complete systems or elec- 
tronic capacitors like one millionth inch thick device 
shown. Thin-film techniques are getting heavy atten- 
tion to cut size and weight of computer logic circuits. 
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MACH 20 SHOCK TUBE is prin- 
cipal piece of equipment in Reentry 
Simulation Laboratory at Republic. 
Other gear includes a 50-ft ballistic 
range, and a megawatt arcjet. 


PROJECT APOLLO studies are underway at Republic 
with company funds. Model is based on NASA’s origi- 
nal inputs for 3-man capsule. It is being used in the 
Space Environment and Life Sciences Lab. Windows 
are for viewing subjects. 
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able carbon electrode. Contamina- 
tion is thus minimized. 

A light hydrogen gun that fires 
projectiles at speeds up to 26,000 
mph to simulate meteroid impact, 
and a 41 mm shock tube round out 


the reentry simulation equipment. 


Electronics Laboratory — Re- 
public says that antennas are the 
bottleneck of any communications 
system. Work in the Electronics 
Laboratory will concentrate on an- 
tenna studies using a uniquely 
shaped anenhoic microwave cham- 
ber. Electromagnetic waves within 
the chamber perform essentially in 
the same way as in empty space. 
Republic is also looking at the pos- 
sibility of using the ionized layers 
that form around high speed ve- 
hicles as antennas. 


Guidance-Control Lab—To de- 
velop effective guidance and control 
systems for future aerospace vehi- 
cles, Republic is working in 3 major 
scientific areas: 

@ Physical optics 

@ Solid state physics 

@ Low temperatures physics 

One project in development with 
company funds is a stabilized “moon 
tracker.” Coupled with a chromator 
and ephemeris (day-to-day position 


self sufficient. 


hydraulic 
craft. 


systems for 


Pneumatics also studied. 
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FLUID SYSTEMS LAB is already 
Republic has Air 
Force contract for studying 1000°F 
aerospace 


indicator) it will give basic long- 
term navigation inputs for space 
vehicles. 

Republic has a small LASER 
which it is using for study of com- 
pact, high-intensity, coherent light 
sources. 

Much of the work in the Elec- 
tronics Lab has direct technological 
spill-over into the Guidance Lab. 

Fluid Systems Lab — An Air 
Force contract to design and de- 
velop materials and components for 
a 1000°F-hydraulic-system makes 
the Fluid Systems Lab nearly self 
sufficient. 

Republic feels it must have facil- 
ities for pneumatic and hydraulic 
research to be in the proper position 
for designing and managing future 
aerospace systems. Minute servo 
mechanisms and complete control 
systems are being studied. 

Facilities include a 15-ft, three- 
chambered oven that can be used to 
evaluate systems at S5O00°F and 
1900°F. Special emphasis is being 
placed on exotic fluids at the present 
time. 

Materials Laboratory — Struc- 
tural integrity is still the basic prob- 
lem of aerospace vehicles. In its 
Materials Development Lab, Re- 
public will use 72 pieces of special- 


MATERIALS LABORATORY is one of seven which together 


ized equipment to discover, make, 
fabricate, and evaluate new materi- 
als. The knowledge gained in the 
six other labs, the company says, 
would be worthless if the materials 
lab could not translate it in sound 


structures. 


Wind Tunnels—Supporting the 
labs is a set of wind tunnels. Capa- 
bilities extend from sub to super- 
sonic at present. Reentry problems 
at speeds up to Mach 14 (9240 
mph) will be studied in a new $750,- 
000 hypersonic tunnel still under 
construction. Known as a “pebble- 
bed” tunnel, the new facility pro- 
vides for the preheating of air by 
nearly a million ceramic pebbles a 
half-inch in diameter. These are 
heated to 3000°F to warm the air 
before it is forced through the vari- 
ous tunnel nozzles. The test section 
of the tunnel will be able to handle 
models up to a foot in diam—a re- 
spectable size large for a hypersonic 
facility of this type. 


e 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 


give a 


capability of studying the complete spectrum of aerospace problems. 
Materials and components can be tailored, molecule by molecule, to the 


rigors of space flight in this lab. 
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Planning Long-Range Reliability 


Air Force Ballistic Missile Division program 


stresses functional testing under combined environments, 


enhances fluid-system-component reliability 


by Sherwin Lewis, Member of Technical Staff, 


Space Technology Laboratories, Inc. 


and Capt. James P. Cooper, Project Administrator, 
Directorate of Propulsion Development, AFBMD 


An Air Force Baiiistic Missile 
Div. program has developed reliable 
pressure switches, regulators, sole- 
noid valves, and liquid oxygen tank 
vent-valves for missile systems. De- 
velopment was based on rigorous 
standards and the most critical ex- 
tremes of environment. 

Emphasis was placed on con- 
cept of functional testing under 
combined environments. Contrac- 
tors selected for “universal com- 
ponents,” — solenoid valves and 
pressure switches—were guided by 
rigid size, weight and environmental 
requirements. Contractors working 
on more complex components, i.e., 
regulators and vent valves, had to 
match functional and dynamic re- 
quirements of a particular missile 
system which was itself in a state 
of flux. 

Pressure Regulators—The Air 
Force program included an exten- 
sive effort to mathematically-syn- 
thesize pneumatic regulators. 

Mathematical simulations of 
sensing lines and transmission lines 
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were made by Robertshaw-Fulton 
Controls Co. (AFBMD-TR-60-72). 
Next, an existing regulator was sim- 
ulated with fair correlation. Finally, 
a regulator was synthesized through 
a non-linear computer simulation. 
Flow characteristics of the poppet 
and diaphragm effective-area were 
derived empirically. 


Insight into the operation of the 
pneumatic servomechanism was ob- 
tained from the non-linear analysis; 
and a modest degree of synthesis 
was accomplished by varying cer- 
tain design parameters such as ori- 
fice sizes, effective area, and spring 
rates. But, the analog computer fell 
far short of total synthesis. Cut-and- 
try remained the basic design 
method. To simplify the analysis, a 
linear system representation was 
made. 


The second regulator contractor. 
Rocketdyne, chose the principal de- 
sign parameters from a static force 
balance analysis. Mathematical 
analysis was used where possible to 


design a stable configuration 
(AFBMD-TR-60-85). 


It had been intended to com- 
pletely simulate the dynamic per- 
formance of the regulator with a 
digital computer. This method dis- 
penses with the complicated cir- 
cuitry and setup time of the analog; 
and there is no problem represent- 
ing non-linearities, limit stops, and 
discontinuities. 


The digital computer like the 
analog was helpful in gaining in- 
sight into the dynamic operation of 
regulators, but like the analog it was 
not completely successful in uncov- 
ering instabilities. A problem cur- 
tailing the use of the computer 
model is illustrated by the fact that 
the computer had to solve 55 equa- 
tions 15,000 times, to simulate 0.3 
sec of operation for just the regu- 
lator actuator. Computer time per 
run was long enough to make com- 
puter runs relatively expensive. 
Therefore, the complete regulator 
was never simulated. 
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TIME RESPONSE is shown of a dashpot and spring- 
mass system, to dampen oscillations, as calculated by 
a digital computer. A nearly-optimum critically-damp- 
ened response is seen in curve “D.” 


Temperature Compensator 
Development 


SOLENOIDS—One problem in 
missile systems is that in the short 
time from checkout through launch 
and flight, components are subjected 
to a wide range of temperatures. 
The two solenoid-valve developers 
in the program were confronted 
with the simple physical fact that 
solenoid current-flow, is directly 
proportional to temperature, chang- 
ing by a factor of about 12 over 
a 500°F span. 

A North American report 
(AFBMD-TR-59-18 & TR-60) de- 
scribes a _ solenoid modification 
which combines constant-current re- 
sistors and the copper coil with the 
following results: 


Ambient Resistance Current 


Coii Type Temp. (Ohms) (Amperes) Voltage 


Uncompen- 165°F 7 0.486 
sated Room " 0.695 
—320°F 7.18 
Compern- 165°F y 0.80 


sated Roon . 1.13 
—320°F R 2.58 


An even more ambitious effort 
is reported by AiResearch 
(AFBMD-TR-60-179), to maintain 
constant current over the wide tem- 
perature range. Here, constant-cur- 
rent resistors, an aluminum coil, 
and negative-temperature-coefficient 
resistors were used. 

Another problem—mechanical 
repeatability of certain components 
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CONSTANT CURRENT was maintained over wide 
temperature range through use of constant-current re- 
sistors, an aluminum coil, 


and negative temperature 


coefficient resistors in modified solenoid. 


is also adversely affected over a 
large temperature range. At low 
temperatures, springs become stiffer 
and conventional regulators and 
pressure-switches shift to higher 
control or actuation pressures. 

Each contractor attempted tem- 
perature compensation in a manner 
appropriate to the individual prob- 
lem as follows: 

REGULATORS — Regulation 
shift can result from temperature 


contraction (or expansion) of the 
sensor and its supporting structure, 
and changes in spring modulus of 
elasticity. Ordinarily, the latter ef- 
fect is by far the largest. Between 
—50°F and 150°F, Ni-Span C can 
be used to negate the effect because 
it has no appreciable modulus 
change; but from -—320°F to 
165°F, it is necessary to install a 
compensator. Rocketdyne designed 
a compensator based on differential 


SENSOR BELLOWS stiffening at low temperatures, causes the con- 
fined length to increase, thereby maintaining a constant force to 


+0.1 psi from 70°F to -320°F. 


THERMAL COMPENSATOR 
CARRIAGE (STEEL) 


THERMAL COMPENSATOR 
ADJUSTMENT PIN 


RAIN MAZE BODY 


THERMAL COMPENSATOR 
CAP (INVAR) 


PRESSURE SENSOR 


THERMAL COMPENSATOR 
DIAPHRAGM 


ACCELERATION COMPENSATOR 


PILOT NOZZLE 
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LONG-RANGE RELIABILITY . . . continued 


Snap-action pressure-switch mechanism adjustable 10 to 1000 psig, 
operates in liquid helium at —452°F and 65 g vibration environment 


expansion between Invar and stain- 
less steel, As the sensor bellows 
stiffened at low temperatures, the 
confined length increased, thereby 
maintaining a constant force. Ef- 
fective length of the Invar can be 
changed as required by a simple 
adjustment. The compensator can 
keep the pressure setting drift to 
within +0.1 psi from 70°F to 
—320°F. 

Temperature compensation 
achieved by Robertshaw-Fulton was 
simply by backing up each critical 
spring with a bi-metallic disk man- 
ufactured by the W. M. Chase Co., 
Detroit. 

PRESSURE SWITCHES— 
Aerojet General made extensive 
efforts to achieve temperatures com- 
pensation (see Table I) in a bellows- 
actuated, column-spring pressure- 
switch (AFBMD-TR-S59-23). 

The second pressure-switch con- 
tractor, the Frebank Co., compen- 
sated temperature by varying the 
material to a load-adjustment ring 
and an actuation shaft. The follow- 
ing is a list (AFBMD-TN-60-85) 
of the materials affecting compensa- 
tion and their dimensional change 
from ambient temperature to 
—320°F: 


416 stainless steel .. 0.0021 in./in. 
303 stainless steel Pe .. 0.0027 in./in. 
Beryllium copper No. 25........ .. 0.0028 in./in. 
2024-T4 aluminum alloy. .... : ; 0.0038 in./in. 
A231B magnesium alloy. . 0,0053 in./in. 


The length of the ring and shaft 
(0.58 in. and 0.600 in.) multiplied 
by the difference in expansion as 
compared with the body material 
(2024 aluminum), determines the 
differential contraction. If the set- 
ting position shifts 0.001 in. at 
—320°F, then the proper compen- 
sation would result from using 416 
stainless in the load-adjustment ring 
((—0.0038 + 0.0021) x 0.580 — 
0.000986). By this method the con- 
tractor has maintained extremely 
tight tolerances over the entire tem- 
perature band. 


52 


Snap-Action Pressure Control 
—To meet the pressure-switch re- 
quirements, Frebank Co. developed 
a basic mechanism giving two pres- 
sure switches, covering an adjust- 
able range of 10 to 1000 psig. 
These units have operated reliably 
while immersed in liquid helium at 
—452°F, and while subjected to 
vibrational forces in excess of 65 g. 

Same mechanism has _ been 
utilized in the development of a 
family of single, non-modulated 
pressure-control valves suitable for 
hyper - environmental applications. 
Basic mechanism consists of a stack 
of belleville springs. 

An electrical switch or a pilot- 
valve can be set, in the snap action 
region, so that there is no loading 
of moving element prior to actua- 
tion. This results in a basically vi- 
bration-resistant mechanism, but as 


such can be used only in relatively- 
crude devices. Modifications of this 
device consist of (1) pre-deflecting 
the spring beyond the first reflex- 
point, and (2) stopping prior to the 
second reflex. As the load is in- 
creased, nothing happens until the 
load exceeds the force correspond- 
ing to the pre-deflection, where the 
spring becomes unstable and snaps 
to the post-deflection stop. When 
the force is decreased, the spring 
snaps back at the intersection of 
the post-deflection stop with the 
negative slope. By manipulating the 
two vertical lines, the actuation and 
dead-band can be adjusted. 

The pressure switch developed 
by Frebank uses the snap-action 
concept with de-actuation pressure 
between 55 and 97 per cent of the 
actuation pressure. Unit is designed 
to operate within a two per cent 


Table I—Temperature Compensation in a Bellows-Actuated 
Column-Spring Pressure-Switch 


COMPENSATION METHOD 


REMARKS 


(1) Adjacent parts with same coefficient of expansion. 


Not adequate. Change in modulus governing. 


(2) Utilizing the gas pressure inside sealed bellows, where 


low temperature causes internal pressure to drop, 


thereby compensating for increased spring stiffness. 


Useful only for lower setting switches (400 psia). Sealing 
bellows with high internal pressure would make this 
technique more general, but would introduce a 
potential leakage problem during assembly and 
storage. 


(3) Use of aluminum yoke with steel spring in addition to 
bellows sealed at 14.7 psi and 70° F. 


Limited compensation; excessive low temperature travel 
resulting in high stress; not versatile enough for the 
varied spring rate of pressurized bellows. 


(4) An auxiliary bi-metal spring operating in parallel with 
the column spring which provides a nominal force 


against the bellows at — 300° F. This force increases 


with rising temperature to compensate for the de- 
creasing load capacity of the column spring. 


BELLEVILLE SPRINGS 


MOUNTING HOLES 


SINGLE CONVOLUTION 
DIAPHRAGM 


ACTUATION 
SHAFT 


Successfully demonstrated, but not completely developed. 


LOAD ADJUSTMENT 
R 


SWITCH ELEMENT 


ELECTRICAL 
RECEPTACLE 


SNAP-ACTION switch can be set to actuate between 100 and 1000 psi. 
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Components tested under combined environments 


LONG RANGE RELIABILITY . . . continued 


including acceleration up to 15g in any axis 


tolerance while subjected to any 
combination of the following en- 
vironments: 


Vibration 
Acceleracion 
Ambient temp. 
Al.iude 
Humidi.y 
Wioun sing 


5 to 2000 cps at 25g 
up to 15 gin any axis 
—300°F to 200°F 
Sea level to any altitude 
0 to 100 per cent with condensation 
any attitude 

A comparable switch was de- 
veloped which is operable between 
10 and 100 psig. 

Extreme Environments — Each 
contractor in the AFBMD com- 


ponent program was required to de- 
sign components capable of operat- 
ing under any combination of the 
above environments. 


ACTUATION 


SNAPOVER POINT Nig 


ACTUAT ae ~ 
PRESSURE 


PRESSURE 


~ 


SPRING RATE CURVE 


Detailed sub-component devel- 
opments disclosed in the final re- 
ports describe analysis, design, and 
exhaustive testing of actuator dia- 
phragms, bellows sensors, accelera- 
tion compensators, coulomb fric- 
tion-dampers, static seals, etc. A 
typical sub-component problem in- 
volved the development of a low- 
leakage, poppet and seat configura- 
tion which would operate in excess 
of 10,000 cycles over a pressure 
range of 100 to 5000 psi pass 1.2 
Ib/sec. Helium with 800 psi up- 
stream pressure can be capable of 
exposure to the environmental con- 


i 


ACTUATION 
PRESSURE 


DEAD BAND 


SNAPOVER POINT 


DEFLECTION 


BELLEVILLE 
SPRING 


INLET PORT 


belleville springs. 
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~ 
DE ACTUATION I DEACTUATION 


BELLEVILLE SPRING behavior (snap-action) has 
been used in development of non-modulated pressure- 
control valves for hyper-environment applications. 


ADJUSTMENT RING 


SNAP-ACTION gas-relief valve prototype, incorporat- 
ing a single-convolution diaphragm, is actuated by 


PRESSURE 


PRESSURE 


PRESSURE 


SINGLE CONVOLUTION 
DI APHRAGE 


PREDEFLECTION 


co 


oo 


DEACTUATION 


HIGH-FLOW, LOW-LEAKAGE solenoid valve for 


cryogenic use features a lapped hard-metal poppet and 
a hard-metal seat. 


ditions described above. Each of 
the contractors experimented with 
combinations of: soft metals, hard 
metals, and plastics. The lapped 
hard-metal poppet and hard-metal 
seat described in a North American 
Aviation report is typical of the 
solution. 

Endurance tests of this seat and 
poppet in a piloted solenoid valve 
indicated the sealing characteristics 
obtainable in a high-flow valve. 
Typically initial leakage at 1-38 
scim reduced to 0.58 scim after 
10,000 cycles. 

+o 


A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 


POST TRAVEL STOP ~ 


SPRING RATE 
SUMMARY CURVE 


DEFLECTION 


MODIFIED BELLEVILLE SPRING concept involves 
pre-deflecting the spring beyond the first reflex point, 
and positively stopping prior to the second reflex. 
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Work better, 


live better 


fad ge 
one 


= 


in the uncongested 


Pacific Northwest. 


ee ee ee ee 


Design based on Boeing supersonic transport study. 


There’s challenge and a long-range future at Boeing for 
STRUCTURAL, MECHANICAL AND AERONAUTICAL ENGINEERS 


This supersonic skyliner of the future 
is one of many advanced projects under- 
way at the Transport Division of Boeing. 
Other programs offering engineers scope 


and a chance to grow in professional 
stature are the newly announced Boeing 
727 jetliner and continuing programs in 
connection with the famous 707 and 720 
jetliners. 

There are openings at Boeing, now, 
for structural, mechanical and aero- 
nautical engineers. Although aircraft ex- 
perience is desirable, training assign- 
ments are available, on a selective basis, 


to graduate engineers in other fields who 
wish to apply their capabilities to air- 
craft projects. 

At Boeing you'll be working with the 
world leader in the field of multi-jet 
aircraft. You'll be backed by unexcelled 
research facilities, including the largest, 
most advanced wind tunnel installation 
in private industry. You'll be working 
in a dynamic career environment that’s 
conducive to rapid advancement. 

The Boeing Transport Division is lo- 
cated in the uncongested Pacific North- 
west, noted for mild year-round climate, 


TRANSPORT DIVISION BMP MAS Leg 


June 1961 


nationally famous recreational facilities, 
excellent schools and housing, and 
healthful outdoor Western living for the 
whole family. 

MAIL COUPON TODAY 


eae eee ee ee EO ee 


Mr. Ivan Phillips, Transport Division, Boeing Air- 
plane Company, P.O. Box 707 - 8SF, Renton, Wash. 
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Like all our 
subcontract 
customers... 


ay = 


As a by-product of many years’ ex- 
perience with proprietary engine control 
systems, Chandler Evans has developed out- 
standing subcontract capability. 


Working directly from your drawings, CECO 
can produce components, assemblies or 
complete systems with equal facility—with 
specifications demanding production tol- 
erances to 5 millionths of an inch and 
finishes to .5 RMS. All subcontract assign- 
ments are amply supported by CECO’s 
production engineering. 


Behind this subcontracting capability are 
these and other “tools” of CECO’s trade: 


@ precision equipment like Sheffield 


Cavitrons, P&W Magnaspark Automatic 
Profilers, Cincinnati and Sheffield 

Multi-Form Crush Grinders 

tape-controlled equipment like 
Milwaukee-Matics, Pratt & Whitney Jig 
Borers, Burgmaster Turret Drilling Machines, 
Potter & Johnson Turret Lathes 

spectographic and X-ray inspection equipment 
ultra-sonic cleaning devices 

electronic and computer laboratory facilities 
along with a wealth of production | 
test equipment and facilities 


EE eo 


A CECO *Left—hydrogen peroxide valve; right—jet engine flow divider; foreground —accelerating valve 


we systems 


For more detailed information on CECO facilities and sub- en / 


a AF Moke @ PERI ee Ce 


j 


CONTROLS contract capabilities, write Department S-2 or call R. M. 


Campbell, ADams 6-0651. 


CHANDLER EVANS CORPORATION .- west wartrorp 1, CONNECTICUT 


Circle 14 on Inquiry Card 


G. E. Schmitt Norman Sarchin K. L. Moan 

15445 Ventura Bivd. Boyd Building 305 Spitzer Building 
Sherman Oaks, Calif. Mercerisiand,Wash. Toledo 4, Ohio 
TRiangle 3-5020 ADams 2-5950 CHerry 8-5791 
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Epoxies Enhance Tiros Reliability 


Solar cells bonded in place with structural adhesive, 


Module boards made of glass-cloth hi-temp resin laminate; 


Staff Report 


INSIDE TIROS II operating devices and systems, numbered as follows: 
(1) Wide-angle TV camera; (2) Narrow-angle TV camera; (3) television 
tape recorders; (4) Infrared system, 5-channel radiometer; (5) Infrared sys- 
tem electronics; (6) Electronic clocks for timing sequence of operations; 
(7) Relays for magnetic stabilization system controlling satellite’s attitude; 
(8) Control box for electronic systems; (9) Infrared horizon scanner; (10) 
Electronic circuits for cameras; (11) Electronic circuits for TV tape re- 
corders; (12) Telemetry switches; (13) Antenna diplexer (covering storage 


batteries); (14) Automatic signal generator; (15) Fuse board and current 
regulator. 
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Electronics elements encapsulated or coated with epoxies 


Uncharted hazards in space can 
cause failures in missiles and satel- 
lites. In Trios meteorological satel- 
lites, components power supply and 
circuitry are protected against some 
of these hazards by epoxy resins. 
These formulations serve as encap- 
sulations, coatings, sealants and ad- 
hesives. 


Each Tiros vehicle carries ap- 
proximately 9,300 solar cells to pro- 
vide power for cameras, recorders, 
transmitter, infra-red and associated 
equipment. The solar cells have 
total maximum output of 60 watts 
under optimum conditions. They 
are mounted in “shingles” of five 
cells on module boards which carry 
80 cells each. Circuits—in parallel 
—are embedded in the boards to 
minimize the prospect of circuit in- 
terruption due to attack by micro- 
meteorites. Module boards are 
mounted on aluminum panels— 
four to a panel. Circuitry is ar- 
ranged for outputs of 14 to 28 volts. 


Tiros module boards are made 
of a glass-cloth epoxy laminate se- 
lected for low-volatility character- 
istics in high vacuum. Out-gassing 
during space flight would have a 
harmful effect on functioning of 
satellite components. Module boards 
are designed with ridges for ac- 
curate positioning of “shingles” and 
to speed their mounting. They were 
produced by International Resis- 
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EPOXIES IN TIROS .. . continued 


Hysol Corp. and Army Signal R&D Command join forces 


to develop special encapsulating and coating resin 


tance Co., using Shell Chemical 
Company’s Epon (R) resins. 


Epoxy Adhesive — To attach 
solar cell “shingles” to module 
boards, and module boards to alu- 
minum mounting plates, a modified 
epoxy resin structural adhesive was 
used. This adhesive was used in 
sheet form and consisted of a sup- 
ported film on a light-weight glass 
fabric carrier. The product was 
made by Bloomingdale Rubber and 
is known as FM-97. It is a mount- 
ing medium of uniform dielectric 
gap. thickness which helps protect 
Tiros circuitry by maintaining a uni- 
form dielectric gap. 


Mounting of the large number 
of solar cells and module boards 
on five Tiros vehicles was a major 
assembly problem. The use of a 
sheet product hastened the process 
greatly. The Epon-base adhesive 
was precut to size then refrigerated 
to preserve its shelf life. At 0° F, 
the shelf life is at least 225 days; 
at 40 deg F, the shelf life is at least 
60 days. 


Assembly of solar cells involved 
hand positioning a “shingle” of cells 
and a single precut section of ad- 


hesive on a module board cleaned 
of finger prints and grease. Each 
“shingle” was mounted individually 
until the module board was com- 
pleted. Light pressure was applied 
to each assembly by placing a steel 
plate over it while being oven-cured 


at 200° F for 5 hr. Assembly of » 


completed module boards to alu- 
minum mounting plates was han- 
dled in the same manner. The plates 
had been given a Martin Hardcoat 
finish. Prior to mounting, the finish 
had been abraded lightly with 
medium grit emery cloth and wiped 
with solvent. 

Prevents Vibration—As a fillet 
and sealant around solar cells and 
module boards to stop vibration and 
fill voids, a high-strength, 100 per- 
cent solids adhesive formulation 
was applied (Bondmaster M648, a 
Rubber & Asbestos Corp. two- 
part formulation based on Epon 
resins). It was mixed in very small 
batches because its pot life is 45 
to 50 min. The fillet material was 
applied with artists brushes follow- 
ing oven-cure of completed modules 
and mounting plate assemblies. 
Though the formulation contained 
no solvent, it flowed well enough 


to be painted on. Room tempera- 
ture cure overnight permitted ready 
handling of assemblies. 


For a conformal coating to hold 
down and protect small parts and 
wiring, and for encapsulating minia- 
turized parts, an epoxy circuit made 
by Hysol Corp. was used. Hysol 
12-006 was used to encapsulate or 
coat as many Tiros components as 
possible prior to assembly. The re- 
maining parts were coated after- 
ward by brush, spatula or air gun. 
The gun was needed to apply the 
thick and viscous oxide-filled for- 
mulation of this material that was 
used around batteries as a_heat- 
sink. 

The two-part polyamide-cured 
formulation was mixed by hand. 
Coated assemblies were cured at 
150 deg F for a minimum of 2 hr 
in the walk-in oven. Hysol 12-006 
serves as a moisture barrier of high 
dielectric strength with adequate 
flexibility and toughness to assure 
maximum protection to compon- 
ents. It is based on Epon resins and 
was developed in cooperation with 
the U. S. Army Signal Research 
& Development Command. 


SPECIAL TEST MACHINE for magnetic ori- 
entation system that permits some control of 
the satellite’s attitude in space is adjusted by 
RCA engineer Robert Wilkes. Spherical “cage,” 
at top of photo, creates a magnetic field sim- 
ilar to that which surrounds Earth. By rotating 
Tiros II within the “cage,” RCA engineers 
study operation of the orientation system. 
Lights above and around the satellite are used 
to test operation of the solar cells on top and 
sides of Tiros II. 
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CALIBRATION OF FOCUS and 
field of view of the television cam- 
eras in Tiros II is made with the 
aid of large “targets.” Here, posi- 
tioning of satellite is directed by 
Max Mesner (left), engineer in 
charge of TV camera design for 
Tiros, as Ralph Jordan rotates 
Tiros II on its mount for calibra- 
tion of wide-angle TV camera. To 
prevent vibration and fill voids an 
Epon resin material, Bondmaster 
M648, was used as fillet and seal- 
ant material around the 9300 solar 
cells on the satellite. 


ABOUT THE TIROS.... 


“TIROS” is a contraction of 
Television and Infrared Observa- 
tion Satellite. 

The Tiros II meteorological 
satellite was launched at 6:13 a.m. 
EST, November 23, 1960, from 
Cape Canaveral, Florida, and was 
injected into nearly circular orbit 
13 min later. The satellite’s primary 
instrumentation consists of two tele- 
vision cameras, to photograph 
Earth’s cloud cover, and sensors to 
map solar and infrared radiation in 
various spectral bands. With the 
exception of the radiation equip- 
ment, Tiros II closely resembles the 
TIROS I satellite launched on April 
1, 1960. 

Over-all responsibility for the 
Tiros project rests with the National 
Aeronautics and Space Administra- 
tion, and the operational phase is 
under the direction of NASA’s 
Goddard Space Flight Center. The 
radiation experiments were de- 
signed, and the data storage and 
telemetry equipment associated with 
them were constructed, by Goddard, 
which is also analyzing the radia- 
tion data. Barnes Engineering Co., 
Stamford, Conn. under NASA con- 
tract, provided the radiation detec- 
tors. Except for the radiation 
experiments, the satellite was de- 
signed and constructed by the Astro- 
Electronics Div. of the Radio Cor- 
poration of America, Princeton, 
New Jersey, under contract to 
NASA. RCA was also responsible 
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for the special ground-station equip- 
ment. The Delta launch vehicle was 
constructed by the Douglas Aircraft 
Corp. 

The major differences between 
the instrumentation of the two Tiros 
satellites are in the addition of the 
infrared equipment in Tiros II and 
of magnetic instrumentation to con- 
trol the orientation of Tiros II’s spin 
axis. 

Radiation Experiments — Tiros 
II carries two radiation experi- 
ments. One consists of five radiation 
detectors, oriented at 45 deg to the 
spin axis, which scan through a 
combination of the satellite’s rota- 
tion and its movement along the 
orbit. These detectors measure: 

@ The Earth’s albedo—the per- 
centage of reflectivity of radiant 
energy, or light—in the spectral 
range 0.2 to 5 microns. 

@ Infrared radiation emitted by 
the earth and atmosphere com- 
bined in the range 7 to 30 mi- 
crons. 

@ Emitted infrared radiation 
coming through the atmospheric 
“window” (the portion of the 
electromagnetic spectrum to 
which the atmosphere is quite 
“transparent”) in the range 8-12 
microns. 

@ Radiation from the water- 
vapor spectral band 6.3 microns 
+5 per cent. 

@ Visible radiation in the spec- 
tral range 0.5 to 0.7 microns. 


This visual channel is intended 

to provide maps of visible radi- 

ation for use in relating the tele- 
vision pictures and tne non- 
visible-radiation maps. 

The second radiation experi- 
ment consists of two sensors, one 
white and the other black, which 
together measure the heat balance 
of the portions of Earth’s surface 
and atmosphere viewed by the wide- 
angle television camera. The white 
sensor measures heat radiation from 
the Earth while the black sensor 
measures both visible (reflected 
solar radiation) and heat radiation. 

Magnetic Orientation Control— 
A satellite spinning in space can 
develop a dipole magnetic field 
similar to that of a small bar mag- 
net as a result of closed current 
loops in the circuitry and of any 
magnetic materials present in the 
satellite. The magnetic dipole, in- 
teracting with the Earth’s magnetic 
field as the satellite orbits, produces 
a torque—which slowly changes 
the direction of the satellite’s spin 
axis in space, thus also changing the 
direction in which the television 
cameras are pointing. This effect 
was discovered in Tiros I. 

¢ 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 


Chestnut & 56th Sts., Phila. 39, Pa. 
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Warning To Users of High-Strength Fasteners 


Complacency by users and makers of special-purpose hardware 
is causing "weakest link" failures in aerospace equipment; 


Corrective measures suggested for industry and Government 


by H. Thomas Hallowell, Jr. 
President, Standard Pressed Steel Co. 


There has been an alarming in- 
crease in the number of cases 
where sub-quality fasteners have 
caused expensive failures. This has 
been caused by inadequate speci- 
fications by the user, poor fabrica- 
tion practices by short-cut-minded 
fastener-manufacturers, and the lack 
of testing or policing by the users. 
The following are typical cases 
from the “Rogues Gallery” files of 
Standard Pressed Steel Co., to warn 
users of fasteners from unverified 
sources. 

A particular series of pan head 
bolts with torquing recess were sup- 
posedly manufactured to specifica- 
tion MIL-S-7839. An _ airframe 
manufacturer experienced failure 
of these parts after tightening and 
prior to external loading. Inspec- 
tion indicated two serious defects: 
cracks in the head-to-shank fillet 
area, and heavy surface carburiza- 
tion. These two conditions create 
a combination which is certain to 
lead to failure. Carburized surface 
had a hardness of Re 54 and was 
susceptible to hydrogen embrittle- 
ment during cadmium plating. Fail- 
ure was further aided by presence 
of cracks in the critical head-to- 
shank fillet area. In lab tests the 
parts failed under sustained loading. 

These defective bolts resulted 
from poor forging, heat treating, 
and magnetic particle inspection 
practices by the manufacturer. 

Airframe Bolts—This series of 
bolts (NAS 628-22) is heat treated 
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from 180,000 to 200,000 psi, and 
is generally governed by NAS-496. 
In keeping with high quality bolt 
requirements, these parts should 
have rolled threads after heat treat- 
ment, freedom from decarburiza- 
tion, 100 per cent magnetic particle 
inspection, cold worked fillets, and 
ability to pass fatigue tests. 
Examination of the parts re- 
vealed complete lack of metal re- 
moval on the shank and underside 
of the head, surface seams extend- 
ing through the head-to-shank fillet 
and through the thread run-out area, 
and lack of cold working of the 
head-to-shank fillet area. Fatigue 
tests resulted in the head failures at 
27,000 to 39,000 cycles. The speci- 
fication requires a minimum aver- 
age life of 65,000 cycles. The low 
fatigue life resulted from the lack 
of fillet stressing, and rough sur- 
faces. Service failures were pre- 
vented only by the user’s tests. 
Missile Bolts—For this applica- 
tion, 5/6-in. 220,000 psi bolts were 
purchased to the user’s print. Re- 
quirements defined a good high- 
strength bolt with threads rolled 
after heat treatment, and without de- 
carburization. Metallurgical char- 
acteristics were to conform to MIL- 
B-7838, and controlled root radii 
to MIL-S-8879; head -to-shank 
fillets were to be cold worked. 
Examination revealed that the 
threads were rolled prior to heat 
treatment. The bolts failed in 
fatigue at about 7500 cycles, com- 


pared to an expected value in ex- 
cess of 65,000 cycles. 

Contrary to the requirements of 
MIL-B-7838 the parts showed a 
partial decarburization in thread 
area. Root radii were 0.004 to 
0.005 in. compared to a minimum 
requirement of 0.0065 in., and were 
not smooth and uniform. Thread 
runout was abrupt rather than fair- 
ing into the shank as required by 
MIL-B-7838. Also, head-to-shank 
fillet area was rough and not tan- 
gential to the underhead bearing 
area. 
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SURFACE DEFECT abundance 
and lack of metal removal on shank 
and head underside of NAS 628-22 
airframe bolt caused head failure. 
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High Temperature Bolts— 
Requisites for high strength bolting 
for 900°F application include: 
rolled threads after heat treatment, 
diffused nickel-cadmium plating, no 
decarburization, controlled flow 
lines, and cold worked fillets. 

Examination of counterfeit 
parts supplied to a user revealed an 
irregular fillet with a radius of 0.026 
to 0.057 in. The specification re- 
quirement is 0.047 to 0.057 in. 
Their nickel and cadmium plating 
was not diffused. Plating without 
the diffusing treatment would be 
very susceptible to hydrogen em- 
brittlement. 

Micro examination indicated 
that the parts were hot upset. The 
forging operation was not controlled 
since the parts coarsened due to 
overheating. In addition, micro ex- 
amination revealed 0.005 to 0.009 
in. decarburization on the head 
bearing area, fillet, and shank. This 
indicated a lack of proper metal 
removal after heat treatment. 
Thread root radii were measured as 
0.0068 in.; specified minimum is 
0.0075 in. 

Landing Gear Failure — The 
1%-in. hex-head bolts in this case 
were used in the landing gear of a 
fighter. They were specified to have 


Aircraft & Missiles e¢ June 1961 


CRACK in the critical head-to-shank fillet area, and 
heavy surface-carburization caused failure of this NAS 
1633-5 airframe bolt. 


230,000 psi minimum _ tensile 
strength, AMS 6427 (4330 modi- 
fied) material, and cadmium plating 
to QQ-P-416. No requirement was 
made for rolling threads after heat 
treatment or for stressing the head- 
to-shank fillet area. 

Examination of the failed part 
indicated that the plating was a 
bright cadmium cyanide, and bolt 
head was formed by machining from 
bar stock. It was determined that 
this service failure, one of several 
reported, was the result of fatigue. 

The above cases reflect on the 
extent of laxity which presently 
exists in procurement, design, and 
fabrication of high strength fast- 
eners. The loss of life, disrupted 
production schedules, loss of equip- 
ment, and waste of both public and 
private money are inevitable con- 
sequences. 

To correct this situation, we 
recommend that the following re- 
quirements be established and con- 
formed to for bolts heat treated in 
excess of 180,000 psi: 

@ All bodies, heads, fillets, and 
surfaces preliminary to thread 
rolling be ground so that all 
surface defects are removed. 

@ That grinding burns be cause 

for rejection. 


@ All threads be rolled in one 
pass after heat treating. 

® Thread root radius conform to 
MIL-S-8879 specifications. 

@ That bolts have flow lines in 
the head fillet area conform- 
ing to the general contour of 
the outside surface. 

@ Any plating or surface treat- 
ment be effected so as to avoid 
hydrogen embrittlement. 

® Tensile and shear test and veri- 
fications of the metallurgical 
properties accompany every 
shipment. 

@ That on every shipment of 
tension and shear bolts, ten- 
sion-tension fatigue tests ac- 
company the shipment, giving 
evidence of proper fatigue 
values for both tensile and 
shear. 

Lastly, we recommend issuance 
of Government specifications that 
make the above quality standards 
mandatory and qualified products 
lists a part thereof. 


+ 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 


Chestnut & 56th Sts., Phila. 39, Pa. 


LANDING GEAR FAILURE resulted from bolt-head 
machined from bar stock instead of forging to specified 
230,000 psi tensile strength. 
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Wyle Model C-106 Miniature Chamber 


Offering You. 

CLOSER TEMPERATURE CONTROL e 
COOLER OUTSIDE SKIN e BETTER OPERAT- 
ING ECONOMY e GREATER FLEXIBILITY 
e FASTER HEATING & COOLING RATES 


Revolutionary NEW “Sensor” The new Wyle liquid 
CO,-cooled Model C-106 Miniature Temperature 
Chamber is the first to use a revolutionary new 
type electronic resistance bulb controller that 
“‘anticipates’’ temperature changes and thus 
effects minimum variation over the full range. 

Extra thick layers of new, improved insulation 
retard flow of heat to outside skin... skin stays 
cooler. Interchangeable plug-in doors, with various 
provisions for specimen mounting, instrumenta- 
tion, specimen operation, and observation, assure 
minimum downtime. All features lead to greater 
economy of operation. 


RACK...STACK...OR SIDE-BY-SIDE MOUNTING 


Fits standard 19” racks ... Flush top & bottom .. . Flush sides 


640 Cu. In. Capacity e —100°F to +500°F 
Range e 8” x 8” x 10” Test Volume Dimen- 
sions @ Weight... Approx. 55 Lbs. e Heating 
& Cooling Rates ...Up to 100°F per Minute 


Write TODAY for Full Information! 


DEPARTMENT NI 


LABORATORI 


MANUFACTURING DIVISION 


128 MARYLAND STREET, EL SEGUNDO, CALIFORNIA 


‘ 


WYLIE 


G. Dean McAdoo 
Tenney 


= 


~ 


YA 


William J. Marcy 
ESCO 


Charles J. Thomas 
Goodyear 


ah 
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Men on 
the Move 


ROBERT D. HAJNER and G. DEAN 
MCADOO have joined the Acoustics 
Division of Tenney Engineering, Inc., 
at Union, N. J. 


DR. JOHN A. F. GERRARD named 
director of electronics engineering for 
Bendix-Pacific Div. of Bendix Corp. 


L. R. BARR elected vice president 
and general manager at the Lear 
Romec Division of Lear Inc. 


CLAUDE H. SMITH appointed gen- 
eral manager at the Ordnance 
Division of Minneapolis - Honeywell 
Regulator Co. 

EZRA KOTCHER has been appoint- 
ed to form and manage a San Fran- 
cisco Bay area office for the Aero- 
space Corporation. 


BENJAMIN FF. RUFFNER named 
Chief of Technical Staff for Boeing’s 
Aero-Space Division in Seattle. 


R. E. BOCKSTRUCK named regional 
manager of field engineering in the 
midwest region by McCormick Selph 
Associates. 


JOHN R. STEELE named manager of 
Beryllium metal development at the 
Beryllium Corp. 


WILLIAM J. MARCY named General 
Manager of the ESCO Facility of 
Electronic Specialty Co., and RICHARD 
M. DONLEY takes over as Corporate 
Sales Manager. 

DON N. LEE appointed operations 
manager at new West Coast facility of 
Rese Engineering, Inc. 

DR. JOHN F. HICKS named associate 
director at Battelle Memorial Insti- 
tute. 


CHARLES J. THOMAS named man- 
ager of wheel and brake engineering 
operations at Goodyear Ajrcraft 
Corp. 


A. H. RUDE selected as Board 
Chairman and W. E. ZISCH becomes 
Executive Vice President at Aerojet- 
General. 

KENNETH 0. ROEBUCK has been ap- 
pointed program manager for the 
DYNA-SOAR program at Martin 
Denver. 


JOSEPH E. TRANKLA has been ap- 
pointed to the post of General Man- 
ager at the California division of 
Anadite, Inc. 


R. R. GOLDSBOROUGH, JR., appointed 
manager of the engineering opera- 
tions dept. at Sylvania’s Reconnais- 


G 


OTHER FACILITIES AT WESTBURY, NEW YORK. .NEW seit 2, Senite 
HYDE PARK, NEW YORK..AND AT NORCO, CALIF. | Anadite 


sance Systems Lab. 
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H. HERBERT JACKSON has_ been 
named manager of the Nimbus 
weather satellite control system for 
General Electric Missile and Space 
Vehicle Dept. 


NORRIS N. MURRAY appointed to de- 
velop new flight equipment and 
breathing systems at Sierra Engi- 
neering Co. 


DR. RICHARD PANTELL, Associate 
Professor of Electrical Engineering 
at Stanford University, is now a con- 


sulting scientist with Lewis and 
Kaufman Electronics Corp. 
DONALD W. WOHLGEMUTH ap- 


pointed technical manager of pres- 
sure suit engineering at B. F. Good- 
rich Aviation Products Div. 


J. CARL MOORE has been appointed 
director of manufacturing for the 
Aerospace-Rockets Division of Bell 
Aerosystems Company. 


HERBERT H. HAUSER named techni- 
cal assistant, to serve as_ technical 
liaison for European affairs at Ryan 
Electronics. 


WILLIAM B. LURIZ named chief en- 
gineer at Burnell & Company, Inc. 


MAX LOWY has been named man- 
ager of Systems Integration for Gul- 
ton Industries, Inc. 


DR. H. IGOR ANSOFF appointed to the 
new post of General Manager of the 
Information Technology Div. at Lock- 
heed Electronics Co. 


J. M. GARDINER named assistant to 
president representing over-all 


the 
operations at Thiokol Chemical Corp. 


JAMES R. WESCOTT, JR., appointed 
marketing manager of Data Systems 
Operations at Sylvania Electric Prod- 
ucts, Ine. 


EDWIN L. CHAMPION named project 
engineer for aircraft and missiles 
weapons systems at Misco Precision 
Casting, and EDWIN L. ROGERS ap- 
pointed head of ceramic core manu- 
facturing department. 


EDMUND R. GOSS is new manager 
at the West Coast Rocket Operations 
district office of Thiokol Chemical 
Corp. 


DR. BERNARD E. KALENSHER joins 
Electro-Optical Systems Inc. as a 
senior physicist in the Fluid Phy- 
sics Div. 

DR. NICHOLAS FUSCHILLO named 
head of Solid State Physics section at 
Melpar Inc. 


NEIL E. FIRESTONE has been named 
general manager of General Elec- 
trie’s Flight Propulsion Laboratory 
at Schenectady. 


M. M. HENRY appointed assistant 
to the president of North Amer- 
ican’s Space and Information 
Systems Division. 
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D. W. Wohlgemuth 
B. F. Goodrich 


William 8B. 
Burnell 


NEW, 
lighter 
weight 
flexible 
BALL 


joints SIZES: 3”, 6, 8", 10", 12” 


or URTOGEN TE sin 


FOR PROJECT REQUIREMENTS —In handling fluid fuels 
and oxidizers, including liquid oxygen. Also in industrial 
cryogenics for liquid methane and liquid propane or 
butane at low, as well as ambient, temperatures. 

RECOMMENDED SERVICE—(1) Fluid loading arms. 
(2) Expansion Joints. (3) Gimbal/Rotary Swivel motion. 
(4) Shock resistant flexible piping. 

NEW, ADVANCED DESIGN — Has passed official “Quali- 
fication Tests,” including shock tests of more than 100G’s. 
TEMPERATURES: ~—320°F to +275°F. PRESSURE 
RATING: Designed for and qualification tested at 200 psi 2 
operating, 300 psi proof, 700 psi burst pressures. Ask 
for Bulletin 233 B. BARCO MANUFACTURING CO., 
565 G Hough St., Barrington, Illinois. 


St for SAFETY 


Circle 19 on Inquiry Card 


Misco 


Misco 


Nicholas Fuschillo 
Melpar 


This comprehen- 
sive, elaborately 
illustrated booklet 
provides practical infor- 
mation on the use of the 
famous A.C. M.I. Bore- 
\ scope in various industries, 
\ | for the inspection of inte- 
\ | rior areas or surfaces not 
| otherwise visible—together 
with full data on the types 
of Borescope available, 
and on their care and 
maintenance. Have you 
received your copy? 


VA 
7 10 American Cystoscope Makers, Inc. 
VA 


8 PELHAM PARKWAY PELHAM MANOR. N. Y. 


Gentlemen: Please send me without obligation a copy of 
your booklet on Borescopes. 


Nam 
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Test Facilities 


Facilities for functional-environ- 
mental testing of electrical, electronic, 
electromechanical, and instrumenta- 
tion components and systems are de- 
scribed in a 70-page brochure.— Wyle 
Laboratories. 

Circle 50 on Inquiry Card for more data 


Availability Charts 


Charts listing production limits 
for ultra-thin welded tubing in two 
forms—cold drawn and bead reduced. 
—Western Pneumatic Tube Co. 

Circle 51 on Inquiry Card for more data 


Teflon Shapes 


Eight-page pamphlet tells how to 
use Teflon in sheets rods, tubes, tape 
and other standard shapes.—Cadillac 
Plastic & Chemical Co. 


Circle 52 on Inquiry Card for more data 


Ceramics Chart 


Inclusive property chart is a Valu- 
able tool for any engineer using ce- 
ramics.—American Lava Corp. 
Circle 53 on Inquiry Card for more data 


around it). 


Roebling Aircord is built and tested to exceed military specifica- 


Worth Asking For 


Data Transducer 


Folder containing a glossary of 
pressure transducer definitions and 
describing the SP-2 series pressure 


transducers.—Standard Controls. 
Circle 54 on Inquiry Card for more data 


Titanium for Missiles 


A 14-page study summarizing the 
major application areas for titanium 
in missile construction. — Titanium 
Metals Corp. of America. 


Circle 55 on Inquiry Card for more data 


Piezoelectric Devices 


Booklet highlights developments in 
high-power handling abilities of all 
major piezoelectric substances.—Clev- 
ite Electronic Components. 

Circle 56 on Inquiry Card for more data 


Shear Mounts 


Bulletin describes elastomeric shear 
mounts includes outline drawings, 
load deflection charts, load ranges, 
spring rates and part numbers.— 


Lyon Aircraft Services. 
Circle 57 on Inquiry Card for more data 


The Boeing B-52H has the Roebling Touch 
with LOCK-CLAD AIRCORD CONTROLS 


Among the many refinements that help to step up the efficiency of 
this newest long-range missile bomber are control assemblies of 
Roebling Lock-Clad (Roebling Aircord with aluminum tubing swaged 


Plastic Coating 


A four-page bulletin describing 
Pfaudlon 301, a corrosion resistant 
plastic coating for metal.—The 
Pfaudler Co. 


Circle 58 on Inquiry Card for more data 
Support Services 


“Support Services by Specialists,” 
describes contract services for mili- 
tary contractors and the Armed 
Forces, also discusses the advantages 
managers of electronic warfare sys- 
tems gain by subcontracting support 
service assignments to outside spe- 
cialists—Federal Electric Corp. 

Circle 59 on Inquiry Card for more data 
Diaphragm Engineering 


Elastomer-fabric diaphragms are 
described in a 4-page brochure, long 
stroke, rolling, pre-convoluted, and 
molded convolution diaphragms for 
either static or dynamic applications 
in aircraft and industrial use are dis- 
cussed and illustrated in technical 


terms.—Diaphragms Industries, Inc. 
Circle 60 on Inquiry Card for more data 


finishes. It is available in a full range of sizes and constructions... 
in stock lengths or in complete assemblies...with fittings attached. 
Roebling also produces stainless steel Aircord and assemblies. 


May we give you more complete information? Just drop a note to 


tions. Because undesirable “constructional stretch’ has been re- 


duced to insignificance during the manufacturing process, it gives 
extra assurances of uniform control and consistent performance, 


with minimal need for adjustments. 


Roebling carbon steel Aircord is made with galvanized or tinned 


Circle 22 on Inquiry Card 


Roebling’s Wire Rope Division, Trenton 2, New Jersey. 


ROE BLING tf. 


Branch Offices in Principal Cities » John A. Roebling’s Sons Division 
The Colorado Fuel and Iron Corporation 
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Noise Generators 
Four-page bulletin on a series of 
wide band noise generators includes 
specifications of the Stentor 203, 204 
and 205 noise generators.—Tenney 
Engineering, Inc. 
Circle 61 on Inquiry Card for more data 


Proprietary Rights 

Reprints of the Denhem S. Scott 
speech “What Drafting Management 
Must Know About Proprietary 
Rights.”—The Garrett Corp. 


Circle 62 on Inquiry Card for more data 


Silicone Catalog 
Catalog (CDS-129C) contains 
data pertaining to various silicone 
products, including a complete selec- 
tor guide for silicone rubber.—Gen- 
eral Electric. 
Circle 63 on Inquiry Card for more data 


Miniaturized Relay 
Electrical and physical character- 
istics of Series 200 miniaturized 10 
Ampere relay are detailed in a two- 
page technical Bulletin No. 200.— 
Wheelock Signals, Inc. 
Circle 64 on Inquiry Card for more data 


Oscilloscope 


Booklet gives a presentation of 
high-speed laboratory oscilloscope, for 
observation, measurement, and photo- 
graphic recording of wideband phe- 
nomena.—Tektroniz, Inc. 

Circle 65 on Inquiry Card for more data 


in astronautics: 

e Space communications 
Propulsion 

Guidance and control 


Space medicine 
and astrobiology 


Space flight mechanics 
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Covers 9 major fields 


Cleaning Chemicals 

Booklet titled ‘““Chemicals for Ul- 
trasonic Cleaning,” gives information 
on physical properties of commonly 
used cleaning chemicals, as well as 
suggested applications, working tem- 
peratures, and procedures.—Branson 


Instruments, Inc. 
Circle 66 on Inquiry Card for more data 


Balancing Machines 

Booklet describes electro-dynamic 
balancing machines and their applica- 
tions.—Tinius Olsen Testing Machine 
Co. 


Circle 67 on Inquiry Card for more data 


Facilities Brochure 
Describes facilities and capabili- 
ties in solderless terminals field.— 


Amp Ine. 
Circle 68 on Inquiry Card for more data 


“Positioneering”’ 

A 28-page article discusses Weld- 
ing Positioners, and gives compre- 
hensive specifications on 1,000 to 
24,000 lb. capacity models.—Aronson 


Machine Co., Inc. 
Circle 69 on Inquiry Card for more data 


Rectifier Testing 


Two-page data sheet #113 cover- 
ing a 600 ampere surge test set that 
permits surge testing of silicon rec- 
tifiers in accordance with JAN speci- 
fications.—Wallson Associates, Inc. 

Circle 70 on Inquiry Card for more data 


¢ Space vehicle design 
Space vehicles and 
re-entry 

Applications of 
astronautical systems 
Space physics 

Reserve your copy now on a 10-day 


free trial basis. Just fill out the coupon 
and return it to us. 


volume in a distinguished series 


ADVANCES IN THE ASTRONAUTICAL SCIENCES 


VOLUME 6 
Edited by Horace Jacobs and Eric Burgess 


The Advances in the Astronautical Sciences Series is an outgrowth of the 
work of leading scientists who are pacing space research. Volume 6 is 
greatly expanded over previous volumes in scope, size (986 pages, 85 
photographs, 346 line drawings, page size 6% by 9% inches), and number 
of contributors (over 100, all top scientists, from industry, universities, and 
military and civilian governmental agencies). 


Circle 21 on Inquiry Card 


Transformer Catalog 

Illustrated catalog describes a line 
of miniature toroidal transformers, 
inductors, magnetic amplifiers and 
other magnetic devices. — Arnold 
Magnetics Corp. 


Circle 71 on Inquiry Card for more data 


Capacitors 


Two-page bulletin describes new 
small size foil capacitors for minia- 
turized circuitry. Publication docu- 
ments the electrical characteristics of 
the new capacitors.—General Electric 
Co. 


Circle 72 on Inquiry Card for more data 


Controls Catalog 


Descriptions of more than 100 
electronic and electromechanical de- 
vices and systems for military air- 
craft, commercial transports, missiles 
and space vehicles.—United Control 
Corp. 

Circle 73 on Inquiry Card for more data 


Magnetic Recorder 


Bulletin describes airborne mag- 
netic recorder in detail.—Westrex 
Corp. 

Circle 74 on Inquiry Card for more data 


Accelerometer 


Description and design features of 
strain gage accelerometers are avail- 
able in a two-page bulletin.—Trans- 
ducer Div. of Consolidated Electro- 
dynamics Corp. 

Circle 75 on Inquiry Card for more data 


oe ce os oe os Free 10-Day Trial oe os oe 
The Macmillan Company, Dept. AM-2 
60 Fifth Avenue, New York 11, N. Y. 
Please send me a copy of Advances in the 
Astronautical Sciences, Vol. 6, to examine 
for ten days absolutely without charge. I 
understand that I may return it within ten 
days if I am not completely satisfied with it. 
Otherwise, I will keep it and you may bill 
me for $25.00, plus a few cents for handling 
and postage. 
© Billme [) Payment enclosed 
(to save handling charges) 
PON icin. nninngvccaiimiticeaid ts tate tended 
Address. sanleindeitalioti 
=a ae 
Signature__ 
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NEW 


HIGH PERFORMANCE TOOLS 


JOIN 


AIRETOOL 


LINE... 


Rugged, air-powered, 
reversible impact 
wrench; ¥2" bolt 
capacity; unitized 
construction; low 
torque; two models. 


—_ 
— 
400-T sheet metal 
tapper; runs at 400 
rpm; rugged construction; 
reversible; muffled air motor; 
lightweight, easy to handle. 


Where production demands are 
highest, you'll find Airetool fas- 
tening and production tools 
meeting or exceeding require- 
ments, and the new 625 and 
626 impact wrenches and 400-T 
tapper are no exceptions. Aire- 
tool’s complete line of quality, 
job-proven, pneumatic produc- 
tion tools includes nutsetters, 
screwdrivers, drills and grinders. 
When you want production ... 
you need Airetool. 


For complete information, write 


REPRESENTATIVES in principal 


cities of U.S.A., Canada, Mexico, 
South America England, Europe, 
Puerto Rico, Italy, Japan, Hawaii. 


CANADIAN PLANT: Brantford, 
Ontario. 


EUROPEAN PLANT: Viaardingen, The 
Netheriands. 


5 RI RR 


Circle 23 on Inquiry Card 
66 


ee Worth 
Asking For 


Bulletin describes various config- 
urations and applications of bore- 
scopes for visual internal inspection. 


—Lenox Instrument Co. 
Circle 76 on Inquiry Card for more data 


Pump Valves 

Data on check valves includes all 
sizes and types plus specifications on 
many models.— Combination Pump 
Valve Co. 


Circle 77 on Inquiry Card for more data 


Laminated Plastics 

Basic application information and 
engineering data on laminated plas- 
tics and vulcanized fibre is given in 
this condensed catalog.—Taylor Fibre 
Co. 


Circle 78 on Inquiry Card for more data 


Water Separators 

Technical bulletin discusses com- 
mercial and military filter-water sep- 
arators and conversion kits.—Bendix 
Filter Div., The Bendix Corp. 


Circle 79 on Inquiry Card for more data 


Transistor Literature 

“Transistor Guide for Communi- 
cations Circuit Designers” presents a 
summary of the basic rules to be fol- 
lowed in designing transistorized 
communications circuits—Lansdale 
Div., Phileo Corp. 

Circle 80 on Inquiry Card for more data 

Thermocouple Data 

Brochure describes small light 
weight units for measuring skin tem- 


peratures.—Thermo Electric Co., Inc. 
Circle 81 on Inquiry Card for more data 


Fotolist System 
Automatic system for composing 
data on file cards into lists columns 
or paragraphs of reading matter.— 
VariTyper Corp. 
Circle 82 on Inquiry Card for more data 
Lightweight Nuts 
Catalog, containing the largest, 
most complete selection of light- 
weight, all-metal, self-locking nuts 
for the airframe, propulsion and elec- 
tronic industries.—Kaylock Div., Kay- 
nar Mfg. Co., Inc. 
Circle 83 on Inquiry Card for more data 
Handles 
Brochure 204G describes engineer- 
ing data and price information on 
new line of aluminum, vinyl grip 
handles.—7TA Mfg. Corp. 


Circle 84 on Inquiry Card for more data 


Cameras 
Booklet offers information on fa- 
cilities for research, development and 


manufacture of precision cameras.— | 


General Electric. 
Circle 85 on Inquiry Card for more data 


GEARS 


The precision meshing of gear teeth in 
aircraft is the expected—but the precise 
meshing of Fenn facilities and personnel 
to meet rigid or unusual gear require- 
ments is welcomed...and often 
unexpected. Fenn not only offers you 
ultra-modern gear tooth facilities (spiral 
bevel, too) and highly skilled personnel 
—pbut a willingness to tackle the tough 
ones shoulder to shoulder from engi- 
neering to final inspection. The Fenn 
Manufacturing Co., Newington, Conn. 


Perhaps you would like 
to take a look at Fenn 
through our Facilities 
Folder. Write today 


for copy! 


FENN acre errem 


Precision Gears That Fly 
Circle 24 on Inquiry Card 
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Leak Detector 


Fluid for use in detecting leaks in 
pressurized missile components, liquid 
oxygen systems, fuel tanks, etc. Pic- 
ture shows Convair employee using 


5 


— 0 Ue 
ng 


Elf Bubble Fluid to check liquid oxy- 
gen system on Atlas missile. Fluid 
can be poured or brushed on surface 
or dipping technique may be used.— 
Aviation Lubrigaftt$ Co. 


Circle 86 on Inquity Card for more data 


Silicone Fluids 


Nitrile-containing silicone fluids 
have been developed. Presence of 
nitrile groups in the fluids gives them 
high polarity and results in such 
properties.as solvent resistance, lim- 
ited electrical conductivity and high 
dielectric constant. The properties of 
N.S. Fluids suggest their possible use 
of nonaqueous antifoams, base stocks 
for solvent resistant greases and 
coatings, antistatic agents, as plasti- 
cizers and additives for plastics as 
well as components in polish formula- 
tions. The high polarity of the nitrile 
group gives them insolubility in non- 
polar solvents such as aliphatic and 
aromatic hydrocarbons. These fluids 
are soluble in certain polar solvents 
such as alcohols, ketones and ethers. 
—General Electric, Silicone Products 
Dept. 


Circle 87 on Inquiry Card for more data 


Aluminum Sapphire 


Development work on ultra- 

- strength composite materials that 
pound-for-pound are expected to be 

three to four times stronger at white 

heat than any high-strength alloy is 

aimed at combining aluminum with 

tiny “whiskers” of pure sapphire. A 

square inch piece of such a composite 

could withstand a tension of several 


New Materials 


hundred thousands of pounds. 
phire “whiskers” are grown from 
pure aluminum by a special high tem- 
perature process. These whiskers are 
able to withstand tension varying 
from a few thousand to several mil- 
lion pounds per square inch. In size, 
they range from tiny woolly strands 
to large needles. The final objective 
of the work is to achieve a strength 
to weight ratio of 60,000 inches at 
2000° F.—General Electric, Missile 
and Space Vehicle Dept. 


Circle 88 on Inquiry Card for more data 


Flame-Retardant Laminates 


Flame-retardant Synthane lami- 
nated plastics are available in four 
new grades. Grade FR-1 is a paper-base 
phenolic and self-extinguishing. Grade 
FR-2, recommended for use in elec- 
tronic and electrical components, TV 
transformer parts, terminal boards, 
are barriers, printed circuits and 
switchgear and computer components, 
is a paper-base laminated plastic with 
a flame retardant phenolic resin bind- 
er. Grade FR-3, an Alpha paper-base 
laminate with epoxy resin binder, is 
a self-extinguishing material recom- 
mended for printed circuity and many 
electrical uses. Grade FR-4, devel- 
oped especially for printed circuit and 
general] electronic component applica- 
tions, is a glass-base laminate with 


epoxy resin binder.—Synthane Corp. 
Circle 89 on Inquiry Card for more data 


Flexible Circuits 


Flexible etched circuits are useful 
in curved or bent areas, in sliding 
drawer or drop-front cabinet assem- 
blies. 

Circuits are backed by Teflon, 
Kel-F, or polyester materials. Flex- 
ible circuits resist chemical action, 
making them usable in many environ- 
ments.—U. S. Engineering Div., Lit- 
ton Industries. 

Circle 90 on Inquiry Card for more data 


Thermosetting Film 


Unsupported thermosetting elasto- 
meric-phenolic adhesive film designed 
for service temperatures ranging 
from minus 67° F to plus 300° F with 
excellent flexibility, peel and shear 
strengths. Adhesive film has proven 
resistance to ozone, acids, water, jet 
fuels ammonia and many other cor- 
rosive or deteriorating media. De- 
signed for metal-to-metal bonding and 
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Sap- 


SAFETY 
FOUNTAINS 


Wash harmful fuels and chemicals from 
eyes and facial areas, instantly! Pre- 
vent discomfort and serious injury. 
Units may be wall or pedestal mounted; 
with hand or foot operated quick-open- 
ing valves. 


7900 Series—Maximum coverage eye/face- 
wash. 6 spray outlets in extra large stain- 
less steel bow! set up soft, drenching mist 
for positive first aid. Large hand valve. 


7100 Series—Eye-wash sends pressure-con- 
trolled streams from chrome plated brass 
heads. Acid-resisting enameled iron bowl. 


7700 Series—tEye/face-wash simultaneous- 
ly sprays water from perforated copper ring 
and fountain heads. Stainless steel bowl. 


HAWS 
SAFETY 
SHOWERS 


Instantly flood 

the body with 
torrents of rushing 
water to wash 
away injurious 
contaminants. 
Your choice 

of single head or 
multiple nozzle 
showers; available 
with hand or foot 
valves. 


Model 8590 — 
Multiple Nozzle 
Shower instantly 
drenches victim from 
all angles. 

Large hand vaive. 


WRITE FOR HAWS 
DETAILED SAFETY 
CATALOG TODAY! 


WSs. ) SAFETY EQUIPMENT — 


a product of 
HAWS DRINKING FAUCET COMPANY 
1443 Fourth Street * Berkeley 10, California 
Export Dept.: 19 Columbus Avenue 
San Francisco 11, California, U.S.A 


Circle 25 on Inquiry Card 


67 


4. oo eee. «cee ; aie i ee ee oe ae | rail beac. i a bi , os 

A ele 0 ae ae a oe Ag aes fe ; a a I ie ier i 
pee ge Se aaa 2 me ey (mmmani 6yS e ; aS ip ae “ iar ee etre cep, | cn ae 

7 ee ae (SAAT S28 Ry ee ee ee Ca — ae Pee Se ee ee 

es : 4 pace ta ea ae ee se foe >: et ABE kat Apa aa ey ie ioe Piss 

ad, : So, - sia TE ene re. lee) ee te ich = ee 
ef 

_ SAFETY 

eb -_ ane 

a ee Bs es nit | 

ce ae © “cal ae 

em | (am p> | Vie tea. 

4 , a 

; FC ™ ee @ 7900 Series ea 

bal (2 + “Te ; gee 1 hee ee 

oe > ae tore, a 

Bs — oN ag 

; i bh 46 0 

< ’ a - * ps: 
| =~ Ser Canes, * 

: R ¥ “% og > <; j Na fol ' \ wee 
Bi tl iia P an 3 il Pe: oe : ] oe 

2 a Mn he oe gf a 

su 4 2 rae it i —_—o 7700 Series ae 

- vay 8S MMS a aiuliete ‘ 7100 Series ee 
jak _— 4 2 eee a) 4 r * oP b 
, ; ar ‘Ti ; ia iat —— f ty a. ie: 

Wes ad bea ie — f ~ Son 

, E PO gall he a ee 
: =o |* reo < eee of w, 4 Ay 5 

~ ‘ ae, $ Pe -" —— | oe ie 

‘ ; ce. oe 4 ae sg - ; Bon we baer 

. ; : j sg Fre I Cen ——- ~ —— . 

BAA li: = Sagi ce 

. ff ths eben Gee ta HAWS - 

ee | on x Wee: A a Pee 

ae aoe ma 2 ry  * ne. 

sete “DS = % yr * is: 

i. " : 

may abe 

ne ss 

; a 2%. eS Be oO 

ae a o 

ey _— ~. sey 

ae | oe 4 J & we te % ee 

*. ha | ie 

F [, iz 4 oe 

| : = Ff Re 

Peete i. wy eae Bd) 

(hae te Ge Pe, 

got ¥ a \ aS. ane 

4 \ ar a 7 - Me i Bash, 

ak i cae ist ae & ‘ ea ey a : 1 pent 

a ae { \ A hrs 2 a 

. | fo he 8 aes 

; aa Ul eer 

¥ ae nie og ee ~ su 

: ee ie + > 

ee 1S «! e 

| Oe eno S 

| f i i nd il P| a 

¢ NS ae Spe 

7 eee L | 
aes eas ae i ie ar ey Ss el ial, Se te eee ee ee ees, a ee ae ie me a, ee — ” s * - ofa Be 

hacer ah eee | eee fio Ga Ok: a) ee isi a ee a ee 


sealing operations, this adhesive film 
provides shear strengths of over 4000 
psi at 70° and over 1650 psi at 300° 
F. 3 M Seotch-Weld film adhesive 
AF-30 was used in sealing the Inconel 
and aluminum bulkheads of the X-15 
liquid ammonia tank.—Minnesota 
Mining and Mfg. Co. 


Circle 91 on Inquiry Card for more data 
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Custom-made 28 volt D.C. 
Ground Power serves for starting the 


MACE missile 


...meets Martin's rigid requirements 


Used for starting the engines on the TM-76 Mace Tac- 
tical Missile at hardsites, Hobart’s 1500 ampere D.C. 
generator has met the Martin Company and U.S. Air 
Force specifications. Successful tests by Martin of the 
unit and missile have recently been completed. = 
Current work in space vehicle design indicates a grow~ 
ing need for a ground source of precise 28 volt D.C. 


New Materials 


Silicone Rubber 


Fluid silicone rubber cures at 
room temp and is available in flowable 
and nonflowable forms. The flowable 
RTV can be poured over patterns of 
most materials providing a mold for 
short production runs or the making 
of prototypes. It is also used for pot- 


a. 


Spectacular features of this unit are its 0.01 second 
response time (achieved by conventional design tech- 
niques) and the use of proven circuits to satisfy the 
prime requirement of reliability in ground support. 


You'll find a model 

to meet your needs for 
either D.C. or 400 
cycle——motor or engine 
driven—— generators. 


MOTOR GENERATOR CORPORATION 
BOX AM-61, TROY, OHIO, U.S.A. Cable, Mogen 
Hobart Brothers Affiliate 


68 Circle 26 on Inquiry Card 


ting and encapsulating delicate elec- 
tronic components. Nonflowable Silas- 
tic RTV is adhesive. It has been used 
as a general purpose sealant in ex- 
treme environmental conditions. Silas- 
tic RTV retains flexibility over a 
temp rang of —70° to 500° F.—Dow 
Corning Corp. 
Circle 92 on Inquiry Card for more data 


Intumescent Coating 


An intumescent coating has pro- 
tected a Titan I second stage thrust 
chamber skirt from rocket blast dam- 
age. The flame resistant coating, a 
fraction of an inch in thickness, was 
applied to the trailing edge of the 
thrust chamber’s ablative skirt. 


The skirt is an asbestos/phenolic 
fiberglass laminate, used as the lower 
section of the thrust chamber. The 
Dynam-Therm D-65 coating is a phos- 
phate and boron chemical dispersion 
in a polyurethane binder. Under heat, 
the coating becomes intumescent. 
Charred coating can be scraped away 
and a new coating applied to the 
same surface.—Dyna-Therm Chemi- 
cal Corp. 


Circle 93 on Inquiry Card for more data 


Film-Forming Resin 


Acrylic film-forming resin known 
as Carboset 511 is a water solution 
of an acrylic polymer that dries at 
room temperature to a clear, water- 
insoluble film. It is supplied as a 45 
per cent solution in water but is also 
available in alcohol solution. Indi- 
cations are that thin films of Carboset 
511 can be used to protect polished 
metal during shipment. When ready 
for use, the film can be removed with 
a mild alkali—B. F. Goodrich Chemi- 


cal Co, 
Circle 94 on Inquiry Card for more data 


Copper Clad Micarta 


Fire-retardant, cold punch copper 
clad laminates, paper-base phenolics 
of XXXPC grade for small circuits or 
miniaturization, have high bond 
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strength ang high solder resistance. 
Laminate is recommended for use in 
automatic fabrication processes. Lam- 
inates have passed five-second flame- 
out test.—Micarta Div., Westinghouse 
Electric Corp. 


Circle 95 on Inquiry Card for more data 


Aviation Adhesive 


Adhesive, formulated to resist jet 
fuel and aviation gasoline, is designed 
for bonding light metal to plastic; 
and vinyl and cured rubber-like mate- 
rials to metal, wood, ceramics and 
other materials. Solvent release type, 
cold setting adhesive is also resistant 
to water, oils, heat and cold.— 
Schwartz Chemical Co. 

Circle 101 on Inquiry Card for more data 


Nuclear Reactor Tubing 


> Small diameter tubing of one per 
cent zirconium-columbium alloy has 
been developed for use as fuel ele- 
ment cladding and heat exchange tub- 
ing in nuclear reactors. Alloy tubing 
retains pure columbium’s low nuclear 
cross section and resistance to corro- 
sion by reactor coolants. Tubing in 
seamless form is available in sizes 
from .012 in. to 1.125 in. O.D. and is 
available in random, multiple and cut 
size to a maximum length of 24 ft.— 
Superior Tube Co. 


Circle 96 on Inquiry Card for more data 


Colloidal Alumina 


White, free-flowing powder, con- 
sists of clusters of minute fibrils of 
boehmite (A100H)) alumina. Called 
Baymal, powder disperses and swells 
up in water to form a stable colloid. | | 
When dried from water on a surface, |} 
small fibrils lie flat and interlace to ‘ 
form a film. In one form, Baymal is 
hard enough to machine steel or cut 
glass, while in another form it can be | : 
used to improve the smoothness of a || 
skin lotion.—E. I. Du Pont De || 
Nemours. | 
Circle 97 on Inquiry Card for more data : 


Phenolic Resins 


Two new phenolic resins were de- 
veloped to withstand exposure to high 
temperatures in missiles and space 
vehicles. Plyophen 23-017, is a phe- 


Slippery Rubber 


Rubber with self-lubricating prop- 
erties developed through a graft po- 
lymerication and flourination tech- 
nique, should make possible improved 
O-rings, Chevron seals and packings. 
U-packings, and lip seals’ for the mov- 
ing parts of engines.—Quantum, Inc. 

Circle 98 on Inquiry Card for more data 


Hi Temp Polyamide 

High temperature resistant polya- 
mide called HT-1 shows promise for 
use in tires for the B-70 and other 
aircraft. Organic fiber could also be 
used in decelerator parachutes for 
space capsules. New fiber is said to 
extend the useful range of organic 
fibrous materials to 550° F.—E. I. Du 


Pont De Nemours. 
Circle 99 on Inquiry Card for more data 


M@ Wherever you find a ground sup- 
port installation it’s 10-to-1 that you'll 
also find Visioneering ‘‘Cushion Ride”’ 
Undercarriages on the vans and trailers 
...and the vans or trailers will be 
filled with our precision-built magnesi- 
um or alloy cabinets housing the deli- 
| cate fire-control and communications 
instruments. In G.S.E. we have de- 
| signed and built many different pieces 
| of equipment. 


Titanium Alloy 


“ High strength alloy made by pow- 
der metallurgy processing has tensile 
strength of 119,000 psi; ductility; 6 
per cent elongation; and hardness: 
Rockwell C 23. Sintered titanium al- 
loy strength can be increased by heat 


treating.—Clevite Corp. 
Circle 100 on Inquiry Card for more data 
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Circle 27 on Inquiry Card 


nolic silicone resin and 23-057, is a 
polyamid modified phenolic resin.— 
Reichhold Chemicals, Inc. 


Circle 102 on Inquiry Card for more data 


Casting Aluminum 


New alloy was developed for use 
where higher yield strengths and 
lower elongation are required. Grade 
71A, as cast and fully aged, has a 
yield strength of 36,000 psi and still 
has some degree of shock resistance. 
Grade 71B has a yield strength of 
32,000 psi with 7 per cent elongation. 
—wWilliam F. Jobbins, Inc. 


Circle 103 on Inquiry Card for more data 


Continued page 71 


GROUND 
SUPPORT 
EQUIPMENT 
BY 
VISIONEERING 


At most of the lighter-than-air bases 
you can’t miss seeing the huge mobile 
mooring masts we built. These masts 
make blimp mooring, easier, faster 
and more secure. 


Most of our work is done in the air- 
craft and missile field in one form or 
another so anything in’G.S.E. is very 
much to our liking regardless of 
whether it is a mechanical monster or 
a simple cabinet. 


ONEERING “enoineerine with vision” 


11830 BROOKPARK ROAD + CLEVELAND 30, OHIO + Tel: CL 2-2100 
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CLASSIFIED ADVERTISING MMWR Lt aT 
DIVISION 


Chilton Company — 


FOR SALE 


Fe tees ees ees eee eee eee eee SSS 


BARRY ELECTRONICS CORP. 
512 Broadway New York {2, N. Y. 
WaAlker 5-7000 Wire: Barry, Fax, N. Y. C. 


\TTrrerrrerreretetitetetetetttee 


Circle 34 on Inquiry Card Circle 33 on Inquiry Card 


8549 HIGUERA, CULVER CITY, CALIFORNIA 
CHILTON PUBLICATIONS . 


CABLE JASHELEC TELEGRAPH FAX 


F : © Specialists in high-quality transmitting, receiv- 
List your Used—Rebuilt—Surplus ELECTRONIC TUBES ij eons 
oa s ing and special purpose tubes and semi-con 

New—and Reconditioned DIODES & TRANSISTORS « ductors at sensible prices. 
EQUIPMENT & COMPONENTS IN THE LARGEST SELECTION IN THE U. S. : Specialized Industrial Electronic parts and 
CLASSIFIED SECTIONS OF JSH ELECTRONICS CO. 1 equipment. Write for exciting catalog! 
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LOOKING FOR TECHNICAL PERSONNEL? - 


Advertise in AIRCRAFT & MISSILES 
and the following Chilton oo “ 


Publications: EMPLOYMENT SECTION 
USE HOME ADDRESS WHEN ANSWERING 


e AUTOMOTIVE INDUSTRIES 
¢ COMMERCIAL CAR JOURNAL 
© DISTRIBUTION AGE DISENCHANTED SOPHISTICATED 
e ELECTRONIC INDUSTRIES ENGINEERS 
* FOOD ENGINEERING ENGINEERS 
e THE IRON AGE A NEW STATE OF THE ART 
* MOTOR AGE St Ae Te pct tthe nak perwait We have succeeded in the development of 
us to explore the parameters for your an entirely new concept for the SUCCESS- 
professional qualifications with the many FUL placement of qualified engineers and 
Send for Rates to: dynamic young companies in aviation, scientists. We now have in excess of 4,000 
electronics, ee and rockets. We = ——- - a ae ang bracket. 
have more than 4,0( openings in e ever a charge to applicant. For confidentia 
HERMANN W. BOZARTH P meget hes er oat Ueks omeee to } ta consideration submit” resume in duplicate 
‘ oot ee paid. yp wait! Ser . indicating geographical preference and salary 
Classified Advertising Manager mace se hedges = pot megs A ono ae ma requirements. 
CHILTON COMPANY BERRY ASSOCIATES, INC. 
FIDELITY PERSONNEL OF PHILADELPHIA 1014-15 Commercial Trust Building 
Chestnut and 56th Streets 1530 Chestnut St., Philadelphia 2, Pa. Philadelphia 2, Pa. 
Established 1943 Locust 3-6654 


Philadelphia 39, Pennsylvani 
; ae pein change Circle 35 on Inquiry Card Circle 36 on Inquiry Card 


How To Get Things Done 
Better And Faster 


PRESSURE 
5000 PSI AIR = 


Sinclair-Collins’ diaphragm-operated high pres- 
sure valves provide fast and positive control of 
ultra-high pressure air, tight sealing, compact 
size, ample safety factors. 


BOARDMASTER VISUAL CONTROL 


vy Gives Graphic Picture—Saves Time, Saves 
Money, frevents Errors 

yy Simple to operate—Type or Write on 
Cards, Snap in Grooves 

vy Ideal for Production, Traffic, Inventory 
Scheduling, Sales, Etc. 

yy Made of Metal, Compact and Attractive. 
Over 500,000 in Use 


Full gulee $4950 with cards 


|FREE| 24-PAGE BOOKLET NO. VM-50 
Without Obligation 
Write for Your Copy Today 

GRAPHIC SYSTEMS . 

_ YANCEYVILLE, NORTH CAROLINA “y 

Circle 31 on Inquiry Card Circle 32 on Inquiry Card 
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Available size, 2 in. NPT; flanged mounting; 
2-way normally open or normally closed; for 
direct or remote electro-pneumatic control. 
Ask your Sinclair-Collins Field Engineer for 
specific recommendations. 


For more information, write for free Bulletin $-C 59. 
Address Sinclair-Collins Valve Company, Akron 9, Ohio, 
Dept. AMM-661. 


8169 


The SINCLAIR-COLLINS VALVE Co. 
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DIVISION OF INTERNATIONAL GASIC ECONOMY CORPORATION (1 BEC) 
AKRON 11, OHIO ; > 
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New 
Materials 


Beryllium Bolts 


Beryllium bolt floats in a water 
solution of silver nitrate. Similar bolt 
made of lightweight titanium sinks, 
since it is two and one-half times as 
heavy. Steel is more than four times 


the weight of the new beryllium 
fasteners that will be used initially 
to fasten space and missile craft. 
Liquid is silver nitrate solution with 
slightly greater density than water. 
Beryllium is not quite light enough to 
float in pure H:O.—Standard Pressed 
Steel Co. 


Circle 104 on Inquiry Card for more data 


Aerospace Insulation 


Insulating material called Thermo- 
sorb is composed of more than 90 per 
cent water. The new material has 
been used successfully in rockets to 
protect instruments and control sys- 
tem components located in compart- 
ments immediately adjacent to rocket 
motor nozzles. Temperatures on the 


outer wall of the nozzle reached 2200° 
F but were held to less than 150° F 
on the cool side of the Thermosorb. A 
section less than half an inch thick 
has been held in the hand and sub- 
jected to temp. up to 4600° F from 
acetylene torches for several minutes 
without the hand becoming uncom- 
fortably warm. — Astronautics Div., 
Chance Vought Corp. 


Circle 105 on Inquiry Card for more data 
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MATTHEWS O//ce7 PRINTERS 


WITH INTERCHANGEABLE STEEL TYPE 


presents a spectacular advancement in quality marking of 
delicate components requiring frequent changes in data, let- 
tering or numbering. The combination of the offset printing 
principle plus the flexibility of a quick-change steel type 
holder results in the perfect marking of flat, contoured or 
cylindrical parts—whether constant or variable identification 
is required. 


Matthews Offset Printers can easily be installed to fit in 
your present production line. 


MODEL 6301 for over-the-line in- 
stallation, provides identification 
on conveyor fed products of metal, 
glass, plastic and fibre. 


MODEL 6302 designed as a side 
printer for installation adjacent to 
parts handling system to print 
parts as they pass the printer. 


Write today for more information and if possible send a sample part 


| MATTHEWS 
MARKING 
PRODUCTS 


JAS. H. MATTHEWS & CO. 


3920 FORBES AVENUE ° PITTSBURGH 13, PENNA. 
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New Electronic Products 


Portable X-ray 


Compact unit’s x-ray head 
tains both x-ray tube and transform- 
ers inside a lead-lined, shockproof and 
waterproof steel tank. It requires no 
cooling pump or special power supply. 


con- 


Overall dimensions are approximately 
28 x 17 x 8 in. Radiographer is posi- 
tioning the Baltospot KVP x-ray unit 
for inspection of wing seam on a 
Super Constellation.—Balteau Electric 
Corp. 


Cirele 106 on Inquiry Card for more data 


Synchronous Motor 


Hysteresis synchronous motor is 
less than an inch in length. Designed 
to meet environmental requirements 
of MIL E 5272, it is used to provide 
constant speed drive for computers 
and navigational devices. Designated 
Model A3361, the 400-cycle unit has 
a synchronous speed of 8000 rpm. at 
55 volts. Total power is 5.1 watts.— 
Kollsman Motor Corp. 

Circle 107 on Inquiry Card for more data 


Damped Printed Circuits 


A new, highly damped, material 
for printed circuit boards, called 
Dynadamp, is now being offered as 
the first successful integrally damped 
material for printed circuitry. The 
material should help designers com- 
mitted to raising reliability levels of 
high density electronic packages for 
aerospace applications. These damped 
laminate made of copper, 
Epoxy-Fiberglass, and a special elas- 
tomer protect circuits from electri- 


boards 


INERTIAL GUIDANCE 


Represents 
one of 
many 
applications 


utocollimation 


to solve 
Alignment 
Problems 
of a highly 
precise 
nature. 


Write for 
technical data 
and 
specifications 


the KERN DKM2 


When equipped with the new No. 356 Autocollimating Eyepiece, 
this famous one-second theodolite has a total magnification of 23x and 
an operating range from zero to at least 100 feet for autocollimation. 


The FINEST in SURVEYING EQUIPMENT 


KERN INSTRUMENTS INC. 


72 Circle 


120 Grand St., White Plains, N. Y. 


28 on Inquiry Card 


COPPER-CLAD SURFACE (ONE OR BOTH SIDES) 


EPOXY-FIBERGLASS MATERIAL 


8TR ELASTOMER 


cal shorting and reduce, by more than 
50 per cent, the resonant structural 
response that is transmitted to 
mounted components. The _ special 
elastomer damping layer operates 
over a range of from —65° F to 250° 
F.—Lord Mfg. Co. 


Circle 108 on Inquiry Card for more data 


Cryogenic Thermometer 
Integrated electonic cryogenic 
thermometer measures temp in the 
range of 0.3°K to 25°K. Measure- 
ments can be made without special 


compensation and read directly on 
a calibrated scale. The unit has 
probes designed to fit into test 


Dewars.—Malaker Laboratories, Inc. 
Circle 109 on Inquiry Card for more data 


Electric Switch 


New electric switch, designed to 
meet MIL-S-6743 is a doublebreak, 


momentary contact type and is re- 


turn-spring operated. Case cover and 
pushbutton are constructed of molded 
diallyll phthalate plastic. Switch will 
operate in temperatures from —70° 
C to +190° C.—General Electric Co. 


Circle 110 on Inquiry Card for more data 


D.C. Amplifier 


D.C. differential amplifier designed 
for airborne instrumentation, tele- 
metering and recording systems, sup- 
plies 0 to 5 volt output signals. Am- 
plifier input circuit contains a static 
“second harmonic” magnetic modu- 
lator which converts d.c. input signals 
into high frequency carrier signals. 


—Magnetic Research Corp. 
Circle 111 on Inquiry Card for mere data 
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Tapped Delay Lines 

Three new tapped delay lines 
have delay times of 3.4 usec, 1 usec 
and 0.5 usec. Characteristic imped- 
ance is 500 ohms. Units are encased 
in epoxy and measure 4.5 x 1.04 x 
.5 in——HST Div., Dresser Electronics. 

Circle 112 on Inquiry Card for more data 


~ 


Tri-Color Display 
Electronically controlled display 

system uses white lamps and a color 

filter to provide three colors in a 


. * ee. 

single indicator unit. Unit has min- 
iaturized circuitry and components 
and can be mounted in compact modu- 


lar arrangements.—Radar Relay, Inc. 
Circle 113 on Inquiry Card for more data 


Servo Analyzer 

All-electronic servo analyzer mea- 
sures phase and gain response on 
servo systems, amplifiers and other 
equipment. Features include a wide 
frequency range for both modulation 
and carrier frequencies, electronic 
modulation and inherent stability in 
both amplitude and frequency. Ana- 
lyzer is 9% x 24 x 15 in. and weighs 
65 lbs.—Chance Vought Corp. 


Circle 114 on Inquiry Card for more data 


A.C.-D.C. Meters 


Long-scale, 3 in. edgewise d.c. and 
a.c. meters have been developed for 
use in control console and equipment 
applications under severe environ- 
mental conditions. Hermetically seal- 
ed, instrument may be mounted hori- 
zontally or vertically.—Minneapolis- 
Honeywell. 

Circle 115 on Inquiry Card for more data 


Servo Analyzers 

Line of solid-state dynamic servo 
analyzers is designed for checkout 
of missile and aircraft servo controls 
systems. Units combine the functions 

= of signal generation, dynamic servo- 
response analysis, and data presen- 
tation. Analyzers are available with 
a choice of readouts, visual or elec- 
trical, analog or digital; and a choice 
of manual or automatic operation.— 
Giannini Controls Corp. 

Circle 116 on Inquiry Card for more data 
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Magnetic Core Memories 

Destructive and non-destructive 
types for airborne and space appli- 
cations. Random access; linear select 
techniques, coupled with advanced 
electronic circuitry, provide two mi- 
cro-second read-write cycles. 

Current variations of + 10% and 
temp Delta T of + 30°C without 
external compensation are part of 
the core memory products. — Litton 
Systems, Inc. 

Circle 117 on Inquiry Card for more data 


Accumulator Test Stand 


Test stand checks complete power 
sources automatically under condi- 
tions identical to those encountered 
in operational use of a missile. Oper- 
ation and sequencing of the test is 
completely automatic and test results 
are graphically recorded for certifi- 
cation of reliability —George L. Nan- 
kervis Co. 

Circle 118 on Inquiry Card for more data 


Toggle Switches 


Toggle switches with no contact 
bounce are sealed in molded cases 
and provide an operating range of 
from -60°F to+250°F. Contact rating 
is 10 amps at 250 volts a.c.—Elotec 
Corp. 


Circle 119 on Inquiry Card for more data 


MAJOR PROBLEM. ..in Propellant-Actuated Devices? 


Mini Temp Transducer 
Miniature’ precision resistance 
output temperature transducers for 
solid and liquid temperature measure- 
ment in instrumentation warning 
systems, telemetering, computer and 
testing applications, has a measuring 
range of -50°F to +250°F with cal- 


ibrations of 5 points.——Quantatron. 
Circle 120 on Inquiry Card for more data 


Helium Magnetometer 
Metasible helium magnetometer 
is said to be insensitive to temp and 
orientation changes. Magnetometer 
can measure changes in the earth’s 
field of one part in 5-million and has 


a sensitivity of approximately .01 
gamma. Device operates at temps 
from -40°F to +125°F. The basic 
sensing head of the device includes 

Continued page 74 


If your problem involves combining a sizeable force with light weight for 
positive, instantaneous operation, talk to Horkey-Moore Associates about pro- 
pellant actuated devices. HMA has a wealth of experience in space vehicle 
applications, aircraft escape systems and ejectors for separation of airborne 
stores. Cartridge-actuated pin valves, pin pullers and other mechanisms can be 
used in many ways to accomplish a specific task. HMA’s extensive facilities 
for engineering, manufacturing and testing are available. Call or write today. 


HORKEY-MOORE ASSOCIATES 


Division of Houston Fearless Corp. 


24660 Crenshaw Boulevard, Torrance, California / SPruce 5-1211 
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Important facts to know about laminated plastics 


a 


A few Taylor composite laminates (left to right): copper-clad section; sandwiched cop- 
per component; Taylorite vulcanized fibre-clad part; laminated tube, copper inserts. 


Composite Laminates Open Up New Design Opportunities 


While the great variety of commer- 
cially available laminated plastics 
satisfy most electrical and mechan- 
ical requirements, there are applica- 
tions that can benefit from the com- 
bination of properties provided by 
composite laminates. Recent ad- 
vances in bonding techniques have 
made it possible to bond virtually 
any compatible material with a lam- 
inate. These can be supplied as clad 
or as sandwiched materials. And 
they can be molded into many shapes 
to fit design requirements. Taylor is 
presently supplying to order the fol- 
lowing composite laminates: 


e Copper and laminated plastics. 
Clad for printed circuits and formed 
shapes. Sandwiched for special ap- 
plications. 

¢ Taylorite® vulcanized fibre-clad 
laminates. These combine the 
high strength of laminated plastics 
with the superior hot-arc-resistance 
of vulcanized fibre. They are being 
used in both high and low-voltage 
switchgear applications. Also in ap- 
plications where the high impact 
strength of vulcanized fibre may be 
advantageous. 

e Rubber-clad laminates. Almost 
any type of natural or synthetic 
rubber may be used as the cladding 
material. These laminates are widely 
used for condenser tops in wet con- 
densers to protect the laminate 
against highly alkaline electrolytes. 
They also have application in any 
part where sealing or chemical re- 
sistance is needed. 

e Asbestos-clad laminates. For 
applications where high heat- and 
arc-resistance are required. 

e Laminate-clad lead. Lead sheets 
sandwiched between Grade XX pa- 


per-base laminates have been used 
for X-ray shields. The laminate 
provides strength and contributes 
to the high shielding properties of 
the lead. 

e Aluminum-clad laminates. These 
have been used extensively for en- 
graving stock. They also offer pos- 
sibilities as printed-circuit material 
and as plate holders for X-ray 
machines. 

e Beryllium copper-clad laminates. 
Beryllium copper is nonmagnetic 
and a good conductor—properties 
that give these laminates possibil- 
ities in many applications. 

e Stainless steel-clad laminates. 
Applications where nonmagnetic 
properties are required. Also in cer- 
tain corrosive environments where 
the resistance of stainless steel to 
attack is an asset. 

e Magnesium-clad laminates. 
These laminates have been pro- 
duced in 108-in.-long sheets for use 
as screens for X-ray operators. 
Weight was a factor. 


Our design and production engineers 
are constantly developing new ma- 
terials, new applications, and new 
procedures for fabricating laminated 
plastics. Our experience is yours for 
the asking. And if you have a prob- 
lem requiring assistance or more in- 
formation on composite laminates, 
write us. Also ask for your copy of 
Taylor’s new guide to simplified 
selection of laminated plastics. 
Taylor Fibre Co., Norristown 50, Pa. 


Taylor 


SAMINATED PLASTICS 
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VULCANIZED FIBRE 


New 
Electronic 
Products 


a helium lamp, a helium absorption 
cell and an infrared detector. It 
weighs six pounds and measures 13 


x 7 x 7 in.—Texas Instruments, Inc. 
Circle 121 on Inquiry Card for more data 


Compact Indicators 


Small self-balancing indicators 
can be used with sensing elements 
connected through multi-point 
switches or connector panels. Chassis 
slides forward on built-in tracks for 
maintenance. Instrument requires 56 
sq/in. of panel space.—Thermo Elec- 


tric Co., Inc. 
Circle 122 on Inquiry Card for more data 


Surge Tester 


Portable unit permits surge test- 
ing of silicon rectifiers with current 


continuously adjustable from 25 to 
630 amps. It features single half- 
wave sinusoidal pulse output; sync 
and calibrated output monitor for 
oscilloscope display; and provision for 
sequential testing—Wallson Associ- 
ates, Inc. 

Circle 123 on Inquiry Card for more data 


Ferrite Modulator 


Absorption type ferrite modulator 
covers full X band of 8.2 to 12.4 kme. 
It was designed for use in precision 
microwave measurements and com- 


munications systems.—F XR, ‘Ine. 
Circle 124 on Inquiry Card for more data 


Solid-State Counter 


Solid-state events counter is de- 
signed to serve as a countdown de- 
vice for missile range applications 
or for data processing. As a count- 
down device, the EMC-1 is synchro- 
nized with range time and counts from 
a minus mode thru to the plus mode. 
Readout is in the form of a six-place 
digital display.—Telmetrics, Inc. 

Cirele 125 on Inquiry Card for mere data 
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New Parts and Components 


Antenna Mount 


Designed for use in telemetry re- 
ception, as well as tracking aircraft, 
missiles and satellites, the Model 10 
antenna mount is a_ servo-controlled 
pedestal, for shipboard and ground 


based applications, with an assembly 
weight of less than 600 Ib. Capable 
of supporting 1100 lb antennas of 
either parabolic, endfire array or horn 
type the mounts are applicable either 
to automatic tracking systems or man- 
ual positioning operations. — Temec, 
Inc. 
Circle 126 on Inquiry Card for more data 


Finned Tubing 


Integral finned small diameter tub- 
ing is produced with either straight 
or spiral fins, brazed or welded in 
place. The fin has exactly the same 
chemical composition as the rest of 
the tube. Tubing can be produced 
with as many as eight fins .010 to 0.30 
in. in width and .010 to .100 in. in 
height and spiral finned tubing can be 
furnished with each 360-deg spiral 
twist repeated at intervals ranging 
from 5 to 12 in.—Superior Tube Co. 


Circle 127 on Inquiry Card for more data 


Rotary Face Seal 


Beryllium copper rotary face seal 
for use in jet fuel and oronite sys- 
tems of high performance aircraft or 
in other applications where unusually 
high pressure demands and extended 
temperature ranges occur. Seal is en- 
gineered for a maximum pressure dif- 
ferential of 10,000 psi, and temp 
range of —65°F to +450°F.—Hydro- 
dyne Corp. 


Circle 128 on Inquiry Card fer more data 
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Angle Drives 


Two new angle drives, the 9056HF 
(T-drive) and 9056-119 (Right Angle 
Drive) are provided with % in. di- 
ameter shafts cut to a 1/16 in. flat. 
The drives are constructed of alumi- 
num alloy housing steel gears, and 
utilize oilite bearings. They have an 
ultimate static torque capacity of 25 
lb with a backlash of 6 deg.—F. W. 
Stewart Corp. 


Circle 129 on Inquiry Card for more data 


Filter Elements 


Porous metal filter element of sin- 
tered 316 stainless steel is designed 
for filtration of corrosive and high 
temp fluids. Elements are produced 
by fusion of uniform stainless steel 
particles. They can be cleaned for 
re-use by firing, chemical or ultra- 
sonic treatment, or by back flushing. 
—Commercial Filters Corp. 

Circle 130 on Inquiry Card for more data 


Instrument Cases 


Aluminum portable carrying case 
features a hinged instrument mount- 
ing rail which permits equipment to 
be tilted out of the case 30 deg for 
easy viewing and operation. In the 


' open position the hinged panel rail 


completely enclosed and protects the 
instrument with a perforated alumi- 
num shroud, that also ventilates the 
instrument during operation,—Instru- 
ment Case Div., TA Mfg. Corp. 


Circle 131 on Inquiry Card for more data 


Pulse-Rocket Engine 


Miniature pulse-rocket engine pro- 
duces energy needed for precise ad- 
justment of the position and direction 
of satellites. Called “Starmite,” it oc- 


cupies five cubic inches, weighs ap- 
proximately one pound, and delivers 
thrust in long or short, on-off pulses at 


cycling rates as high as 22.5 pulses per 
second. Starmite is available in thrust 
ratings ranging from one-half to ten 
pounds. Engine operates on a variety 
of self-igniting liquid bipropellants.— 
Thiokol Chemical Corp. 


Circle 132 on Inquiry Card for more data 


Electrodynamic Shaker 


Shaker with 5,000 pound force 
rating has built-in “‘piggy-back” ca- 
pability for environmental testing. 
Features closed-loop cooling system 
for field and armature structures. 
Armature weighs 49.5 lb, with cool- 
ant. Maximum load for 10 g vector is 
450 lb., for 20 g vector 200 lb. Maxi- 
mum acceleration is 100 g’s.—Ling- 


Temco Electronics, Inc. 
Circle 133 on Inquiry Card for more data 


Commutating Switches 


Mechanical commutating switches 
known as the Deltaswitch Model 210 
are offered in one-pole and multi-pole 
configurations for commutation of 64, 
and 100 channels of information, De- 


signed for 20 cycles per second opera- 
tion, switches are available with or 
without 1200 rpm, 115 VAC, 60 cycle 
synchronous hysteresis drive motors. 
—Advanced Technology Laboratories 
Div., American-Standard Corp. 


Circle 134 on Inquiry Card for more data 


Actuator Motor 


One inch diam motor, complete 
with gear train, measures 2% in. 
and weighs 4 ounces. Unit is de- 
signed to operate up to 1000 hours 
over an ambient temp range of —65° 
to +250° F from an input of 24-29 
volts D.C. Speed is 270-280 rpm with 
normal rated load of 13 oz. inches.— 


Omega Precision, Inc. 
Circle 135 on Inquiry Card for more data 


Continued on page 76 
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New Parts 
and 
Components 


Silver-Zinc Battery 


Battery is used in the Titan ICBM 
to power the main electric circuit, 
servomechanisms, telemetering, pro- 
pulsion and homing devices, photog- 
raphy, ignition, instrumentation, 
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range safety command and other con- 
trols—Yardney Electric Corp. 
Circle 136 on Inquiry Card for more data 


Preservation Bags 


Flexible preservation bags for 
aircraft engines will hold a vacuum 
or pressurization. Re-usable zippered 
bag can be fabricated from different 
materials according to the degree of 
vapor proofing required. Navan 
Products, Inc. 

Circle 137 on Inquiry Card for more data 


Plastic Protectors 


General purpose line of elastic 
polyethylene protectors can be used 
as a cap or plug for threaded and 
non-threaded parts in a range from 
% to 2% in. Protector can be ap- 
plied to machine screw threads, pipe 
threads and tubing.—S. S. White In- 
dustrial Div. 

Circle 138 on Inquiry Card for more data 


Subminiature Diode 


Subminiature glass zener diodes 
for printed circuit boards and minia- 
ture circuitry are available in 5 or 10 
per cent voltage tolerance types and 
have a max. zener impedance range 
from 5 to 70 ohms. 
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76 Cirele 13 on Inquiry Card 


glass-to-metal hermetic sealing.—In- 
ternational Rectifier Corp. 
Circle 139 on Inquiry Card for more data 


Insulated Thermostat 


Insulated thermostat features wip- 
ing action and a longer bimetal ac- 
tuated contact. Case is insulated by 
means of two glass seal solder ter- 
minals. Model BH has max. differen- 
tial of less than one half per cent C. 
—Chatham Controls Corp. 


Circle 140 on Inquiry Card for more data 


Hydraulic Swivel 


All-metallic swivel was designed 
for use in high performance aircraft 
hydraulic systems. Functional tem- 
perature ranges from liquid nitrogen 
low to 650° F. Stainless steel swivel 
has pressure range up to 6000 psi. 
Propulsion Development Laborator- 
ies, Ine. 

Circle 141 on Inquiry Card for more data 


Temp Sensor 


Resistance temperature sensor for 
nuclear applications is designed to 
measure absolute or differential tem- 
peratures in the —70° to +300° C. 
range at radiation levels of 500 rad/ 
hour or a total exposure of 5 x 10’ 
rad, 1 MEV average. The sensing 


unit of the Model 177A is hermeti- 
cally sealed in a Monel K shell. Leads 
have braided fiberglass insulation.— 


Rosemont Engineering Co. 
Circle 142 on Inquiry Card for more data 


Lightweight Union 

Light weight union for missile 
plumbing, called Astroweight Union, 
features internal sealing surfaces 
and a re-usable metal seal. Union 
utilizes an Acme thread form.—Har- 


rison Mfg. Co. 
Circle 143 on Inquiry Card for more data 


Needle Valve 


Compact soft seat valve for pneu- 
matic and metering services is sealed 
against all gases at pressure up to 
6000 psi. Valve handle and lock nut 
are removable for panel mounting.— 
Dragon Engineering Co. 

Circle 144 on Inquiry Card for more data 


All-Angle Blower 


Panel mounting blowers feature 
230-deg rotation, reversible motor- 
rotor assembly, 400 CFM output ca- 


Aircraft & Missiles ¢ June 1961 


Na 


bop beets 


ee —— - 
| _ a ee | 
© fecatets a | 
| oe Te — ff 


“a 


pacity and mount as 8% by 19 in. 
standard rack panels.—Western De- 
vices, Inc. 


Circle 145 on Inquiry Card for more data 


Jet Vane Actuator 


Device was engineered for use as 
a vernier control device in guided 
missiles and powered space vehicles. 
Unit contains electrically isolated 
control and telemetering data ele- 
ments and features shaft-position 
control over a range of 25-deg. Driv- 
ing member is a direct coupled D.C. 
torque motor.—Aeroflex Corp. 


Circle 146 on Inquiry Card for more data 


Extruded Sealers 


Extruded rubber base sealers with 
cross sectional “double donut” design 
permit positive sealing of uneven or 
tapered joints, and 90-deg bending 
without cutting and fitting.—Minne- 
sota Mining and Mfg. Co. 


Circle 147 on Inquiry Card for more data 


Cryostats 


Cryostats cool cells of photo- 
sensitive devices to —109° F to in- 
crease detector sensitivity and usable 
spectrum range. Units are being 


manufactured for various duty cy- 


cles, varying from several seconds bia _ LIGHTWEIGHT 
gemrecrapctinmey | me MIRRORS 

FOR AIRBORNE OPTICAL SYSTEMS 
& THOSE REQUIRING _ INERTIA 


Cockpit Instrument 


Instrument indicators built as sep- 
arate vertical parameters for aircraft 
cockpit instrument panels. Shown are | | 
four units: a Mach-indicated air | | 
speed indicator, an indicator of angle 


INustrated: Lightweight concave spherical 
mirror, 16” dia.; radius of curvature, 11”; 
thickness, 4”; Weight, 5 Ibs., 4 oz. If of conven- 
tional solid fused quartz, it would weigh 41 Ibs.! 


WE ALSO MANUFACTURE 


Low Cost INFRA-RED OPTICS 


| DOMES + WINDOWS + LENSES + PRISMS + MIRRORS 
of attack and acceleration, a vertical | to extremely close tolerances. 
speed indicator and an altitude indi- Send your specs for immediate estimate to: 


cator each measuring 1% in. in width, | PRECISION LAPPING Company, Inc. 
Kollsman Instrument Corp. 34 Clinton Ave., Valley Stream, L.1.,N.¥.- LOcust 1-2770 
Circle 149 on Inquiry Card for more data 


Circle 38 on Inquiry Card 
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Magnetic 
From balancing re-entry vehicles to eliminating destructive Separators 
vibration in jet engines, Tinius Olsen balancing machines play 
a major role in the aircraft and missile industry. protect fluid power systems of missiles and aircraft by removing even 
If it rotates, you can balance it faster and more accurately on microscopic ferrous particles that can jam delicate, precision-made, 


an Olsen. Write today for Bulletin 60, about the complete line hydraulic equipment. Shown above: Model PX-2; dry weight only 


of Tinius Olsen balancing machines. 


Ti wd t uUS L OLSE % BULLETIN HP 386 Kline Ave. at Brunswick Pike 


Aircraft & Missiles ¢« June 1961 


it’s 
TINIUS 
OLSEN 


Circle 39 on Inquiry Card 


> _ 


3 Ibs; 3000 psi working pressure; tapped for !/," tube connection, 


AND. 10050. 
S. G. FRANTZ CO.., Inc. 


Write for 


2210 Easton Rd. | P. O. Box 1138 Trenton 6, N. J. 
Willow Grove, Pa. | 


Circle 40 on Inquiry Card 
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APPROX. ACTUAL SIZE 


New PACIFIC 


'G'SWITCH 


... provides high 
performance 


... Feliable acceleration 
switching! 


Pacific’s new inertia switch is readily 
adaptable to meet a variety of “G” 
sensing uses from missiles to freight 
cars. It permits a wide variation in 
performance and range with only 
a minimum of engineering and de- 
velopment to meet specific require- 
ments. A unique switching action 
provides positive “make or break” 
action of the electrical contacts at 
the “G” setting regardless of envi- 
ronmental conditions. 

For information on Pacific inertia 
switch designed to your own re- 
quirements...or on a standard unit, 
WRITE TODAY. The engineering 
skill and creative ability of Pacific 
Scientific are at your service. 


Write for current engineering data sheets — 


PACIFIC SCIENTIFIC COMPANY | 


P.O. Box 22019, Los Angeles 22, 
Calif. ¢ San Francisco 

San Diego ¢ Seattle * Portland 

Denver ¢ Arlington, Texas 


representatives: 
in the Eastern U.S. 
AIRSUPPLY-AERO 
ENGINEERING CO. 
Mineola, L.1., N.Y. 
in Canada: GARRETT 
MFG. LTD.—Toronto 


78 Circle 41 on Inquiry Card 


Montreal — Rexdale, Ont. 
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Se New for 
Production 


Dual Contour Grinder 


Dual-table contour grinding uses a 
three-dimensional master. An auto- 
matic electro-hydraulic tracer system 
using a master on the first table pro- 
duces a duplicate on a second table. 


For other applications, a grinding 
spindle may be added to use with the 
second table for grinding two identi- 
cal parts, one on each table. The 
Model 926 machine was designed to 
grind Pyro-Ceram nose cones, but 
may be adapted for other parts.— 
Frauenthal Div., Kaydon Engineering 
Corp. 


Circle: 150 on Inquiry Card for more data 


Welding Tip Holders 


Dual spot welding electrode holder 
device automatically exerts equal 
forging pressures through its two tip- 
holding barrels. The equalizing mech- 
anism is purely mechanical and a 
water cooling system is incorporated. 
The use of offset tips gives a range 
of distances between welds of from 
0 to 4 in—Air Reduction Sales Co. 


Circle 151 on Inquiry Card for more data 


Heat Treating Grids 


Special grids to be used with heat 
treat baskets are designed to hold 
long pieces or special shaped material 
during heat treating operations. Bas- 
kets and fixtures are built to allow 
maximum heating or quenching rates. 


—Ipsen Industries, Inc. 
Circle 152 on Inquiry Card for more data 


Hot-Cold Chamber 


Hot-cold chambers for use with 
tensile testers and vibrators have pen- 


| etrations for the specimen holders so 


that the testing may be done under 
actual conditions of high and low 
temperatures which range from 
—100° F, obtained by using liquid 


CO., to +500° F. They are available 
with various types of instrumenta- 
tion and controls from thermostats to 
program recorder controllers. A hu- 
midity attachment is also available.— 
Development Engineering Co. 

Circle 153 on Inquiry Card for more data 


Deburring Tool 


Tool deburs, deflashes, and cleans 
tiny missile components by means of 
a supersonic stream of gas-propelled 
abrasive particles. The airbrasive tool 
for cutting or abrading hard, brittle 
materials can be used to cut shapes 
out of a tungsten sheet and silicon 
semiconductor wafers. The machine 
can be operated either manually or 
on an automated production line.— 
S. S. White Industrial Div. 


Circle 154 on Inquiry Card for more data 


Printed Circuit Cleaner 


System to clean printed circuit 
boards mounted components was de- 
signed for production cleaning either 
as an automatic or manual process. 
Using DuPont fluorinated solvent, 
“Freon” cleaning agents and ultra- 
sonic energy, the system removes ac- 
tivated and non-activated fluxes and 
other contamination from assembled 
printed circuits.—National Ultrasonic 
Corp. 


Circle 155 on Inquiry Card for more data 


Self-Lighting Torch 


Air acetylene torch, the flame of 
which triggers on or off automatically 
without external lighting needed, can 
reduce gas consumption on’'stop and 
go jobs. Burning acetylene, thé new 
torch can be used for silver brazing, 
soldering, and for tempering of light 
gauge metals.—Navan Products, Inc. 

Circle 156 on Inquiry Card for more data 


Horizontal Zone Refiner 


Horizontal zone leveler is designed 
for applications such as zone leveling 
of germanium bars up to 18 in. long, 
and zone refining of such materials 
as potassium chloride or bromide. 
Furnace design lends itself to epit- 
axial growth along with straight dif- 
fusion processes.— Lindberg Engi- 


neering Co. 
Circle 157 on Inquiry Card for more data 


Vacuum Chamber 
Environmental test facility for 

reliability testing of major sub-as- 

semblies and large components of 
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NEW Thermocouple 
Selector 
Switches 


For fast, accurate indication of temperature 
from a number of thermocouples—to aver- 
age readings from several measuring points 
—or to switch a thermocouple from one in- 
strument to another—choose a new compact 
Thermo Electric Selector Switch. 


These switches are compatible with any 
thermocouple or resistance thermometer, 
and any measuring instrument. Steel cases 
are dust and moisture proof, and are easily 
mounted on panel, rack, wall, or table. 


ROTARY SWITCHES 
Capacities—OFF to 6, 12 or 24 measuring 
points. Available with binding post ter- 
minals or bunched leads for soldered con- 
nections. 


KEY SWITCHES 


Accommodate 1 to 144 sensing elements— 
1 ocking or non-locking construction. Choose 
from several different cabinets. 


a >. . 
a ae 
eee 


PUSH BUTTON SWITCHES 


OFF to 72 points—interlocking construc- 
tion so that one switch remains “on” until 
another is actuated. 


Write today for catalog 24-1 


Thermo 
Electric CO., INC. 


SADDLE BROOK, NEW JERSEY 
in Canada: THERMO ELECTRIC (Canada) LTO., Brampton, Ont. 


Circle 42 on Inquiry Card 
Aircraft &.Missiles ¢ June 1961 


space-craft, such as surveillance cam- 
eras, radio transmitters and receivers, 
power supplies, computers, and other 
electronic equipment has a work-zone 
5 ft by 5 ft. A liquid-nitrogen-cooled 
heat-sink operating at 80°K surrounds 
the specimen undergoing test.—F. J. 
Stokes Corp. 


Circle 158 on Inquiry Card for more data 


Liquid Cooler 


Liquid cooler which provides tem- 
peratures as low as —120° F may be 
used with low temperature convection 
fluids such as tricholoroethylene, ace- 
tone, and methylene chloride. Cooler 
is self-contained, with all components 


mounted on a common base. Mechani- 
eal refrigeration capacity is 120,000 
BTU’s per hour at —100°F.—Webber 
Mfg. Co., Ine. 


Circle 159 on Inquiry Card for more data 


Compressed Air Dryers 


Three sizes of compressed air dry- 
ers added to line brings total to 40 ca- 
pacities from 7.5 to 11080 cfm at 100 
psi. Designed to deliver low dewpoint 
air of sterile, non-toxic quality by ex- 
tracting water, vapors, acid fumes 
and foreign particles, the dryers have 
several purposes: (a) protecting 
pneumatic equipment from corrosion, 
contamination and abrasion, (b) pro- 


longing the life and accuracy of in- 
struments and tools, (c) reducing 
product spoilage and rejects, (d) pre- 
venting exposed air lines from freez- 
ing. The dryers operate without heat, 
power or regeneration, and can be 


installed outdoors.—Van Products Co. 
Circle 160 on Inquiry Card for more data 
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14 PAIR 
THERMO- 


14-CIRCUIT 
TERMINAL 
Box => 


TO THERMO- 
| i aa 


for 
Thermocouple Extension 
Wire Installations 


Here’s an economy team to increase effi- 
ciency and cut costs up to 75% in your 
next thermocouple extension wire installa- 
tion. Multi-conductor THERMO-CABLE* 
permits you to install from 6 to 56 pairs 
of color-coded, insulated thermocouple 
leads, at one time, using just one cable. 
Terminate the wires in a weatherproof 
multi-terminal box specifically designed 
for THERMO-CABLE. 


No more pulling individual leads through 
conduit. And, THERMO-CABLE, with its 
polyvinyl chloride weatherproof, heat and 
corrosion resisting outer sheath often 
eliminates the need for conduit. Direct 
burial types available to eliminate haz- 
ards from fire and mechanical damage. 


T.E. weatherproof Terminal Boxes are 
made of cast iron or sheet steel, can ac- 
commodate from 6 to 100 circuits, and 
offer sure protection against the effects of 
contaminating atmospheres. Made to 
N.E.M.A. or JIC specifications. 


Write today for Catalog 83-1 


*Trade Mark 


‘Js Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ost. 
Circle 43 on Inquiry Card 
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OUING UF 


WITH 


RCA TITAN 
PROJECT 


RCA Titan Project, Marysville, California, has a 
limited number of openings for experienced Missile 
Engineers willing to step up to RCA. Openings 
exist at all levels in these engineering areas: 


@ FUELING AND PROPULSION 

@ MECHANICAL EMPLACEMENT 

@ STANDARDS, SAFETY, QUALITY 

@ LAUNCH CONTROL AND CHECKOUT 
@ ELECTRO-MECHANICAL INTEGRATION 


If you are a qualified Missile Engineer and would 
like more information about the challenge and ben- 
efits awaiting you at the RCA Titan Project: (a) 
circle your professional area above; (b) check the 
items of Ftc ca desired below; (c) attach a 
resume of your professional accomplishments to 
this ad and mail today. 

If you wish, feel free to send your resume or request 
an application from the address below. 


Please send more information about: 

Rapid advancement opportunity in my 

professional area circled above. 

—_—— Ideal family living conditions in greater 
Marysville area. 

—__—_—~ Challenging RCA Service Company Titan 
Project. 

—__.. Liberal RCA Employee benefit program. 

Send RCA application form. 


If possible, arrange a personal interview at my convenience in: 


—_—. Marysville, California. 
cea SNE CURE ER) scieses eee 


ALL QUALIFIE APPLICANTS WILL RECE € N ERATION FOR EMPLOYMENT 
v HOUT REGARD TO RACE, CREED, “ R NATIONAL ORIGIN. 


Direct all replics to: 


Mr. Richard Bernard 
RCA Service Company 
Box 2578, Dept. AM-6 
Van Nuys, California 


RCA SERVICE COMPANY 
A DIVISION OF RADIO CORPORATION OF AMERICA 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 


Circle 44 on Inquiry Card 
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U.S. High Frequency Motors 


for aircraft and missile use/ 


Many special electric motor problems of the air- 
craft industry have been met and solved by U.S. 
Engineering know-how. Now, this long experi- 
ence can help you—can shorten precious devel- 
opmental time, avoid costly experimentation, 
and most important of all, minimize malfunction 
of equipment due to electric motor failure. The 
solving of many special aircraft and ground sup- 
port equipment problems has given U.S. a file 
of invaluable basic high frequency motor plans, 


and facilities to produce a multitude of adapt- 
able components. Use of these plans and com- 
ponents gives you an important head-start when 
you let U.S. design the particular aircraft motor 
you need. U.S. experience assures you of 
supreme motor reliability—the most important 
requirement in aircraft and missile ground sup- 
port electric motors! Available in Ratincs 1/20 
to 50 H.P. Let U.S. quote you on your electric 
motor specifications. 


U.S. ELECTRICAL MOTORS INC. 


P.O. BOX 20586,L0S ANGELES 54, CALIFORNIA 


Circle 1 on Inquiry Card 


OR MILFORD, CONNECTICUT 


FREE TECHNICAL BROCHURE 
...for full information send for 
FREE U.S. Aircraft Motor Bulletin. 
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Electronics at Boeing 


Electronics, symbolized by this diagrammatic representation, is a rapidly expanding field 
of activity at Boeing. Here engineers and scientists are at work in research, design and 
test areas of electronics. Activities cover a broad spectrum, from advancement of the 
state-of-the-art to the development, manufacture and installation of electronic systems. 

Boeing scientists and engineers are also advancing the state-of-the-art in many other 
areas, including military jet aircraft, commercial jet transports, hypersonic flight, heli- 
copters, vertical and short take-off and landing aircraft, gas turbine engines, space 
systems, antennas and hydrofoils. In addition, scientists of Boeing’s Allied Research 
Associates subsidiary developed techniques and interpretive methods to analyze data 


transmitted to earth by Tiros I and Tiros II meteorological satellites. 


Professional-Level Openings 
Engineers and scientists—and professional spe- 
cialists in business and management disciplines— 
will find career opportunities of unusual scope 
and potential at Boeing, as wellasa stimulating 
environment conducive to rewarding achieve- 
ment and rapid advancement. Drop a note now, 
mentioning degrees and major, to Mr. John C. 
Sanders, Boeing Airplane Company, P.O. Box 
3822-AFA, Seattle 24, Washington. 
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